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THE SURfilCAE TREATMENT OP JIITRAE STENOSIS 

n. Proohes-s in Diat.lopino a Controlled I^\LvuLODi..isnc Technique 


Dwtoiit E. Harken, JI.D.,* Laurence B. Elu.i, iM.D.t (by inyitation), 
and Lfaina R. Norman, Jf.H.t (by in\ttation) 

Boston, Masas. 


T he Imckgronnd of tlic .‘nii-gerY of mitral stcuo.sis lin.s been reriewed in a 
provioiDi communication.' The earlier thinkinp and the earlier e.Yperi- 
enoc-s’’'* reduced the problem to a con.sidcration of the relatiYO signifleanoe of 
mitral RtenosLs veraua rcpurpitatioii. There i.s now oridence that there arc 
various typos of rcpurgitatioii. some borne much better than others. 

The correction of mitral .stenosis i.s no longer directed at the pradnetion of 
insufficiency but at reducing the stenotic block with the greatest possible rastora- 
tion of valvular function. While much previous work has been based on the 
concept of exchanging regurgitation for stenosis, it does not follow that this is 
either desirable or necessary. 

At the present time there is no method of determining (juantitatively the 
degree of regurgitation or of stenosis in a given jiaticnt. Since stenosis and 
regurgitation may affect the pulmonary and cardiac dynamics diffci-ently, the 
choice of operation would be greatly influenced by knowledge of these factors. 
In gaining .such specific knowledge and in evaluating the general cardiovascular 
statiLS it is highly de.sirablc to nppl.v ns many objective testa ns possible. At 
present, these objective tests must include eardino cathetenration for the 
detci-mination of blood flow and intrncnrdiac and pubnonary vascular pressures. 


From the Elchth Surtricat SonHcc (Thoracic) and the Surgical Research Laboratorj', 
Boiton City Hospital; tho Surplcal Service of the Peter Bent Brigham Hospital; The Heart 
Institute of the (^elsea Na>’ai Hospital; and the Department of Surgery, Harvard Medical 
S^ool. 


The medical e\'aluatIon of patients ond cardiac catheterisation studios wore carried out at 
the Thorndike Memorial Laboratory. Second and Fourth Medlcsd Services (Harvard), Boston 
City Hospital • the OrdloN-asctilar Laboratoiy, Peter Bent Brigham Hospital; and the De¬ 
partment of Medicine, Harvard Medical School. 

This study was supported The Heart Institute of the Bias Labomtories, Brooks Hos¬ 
pital, Brookline, Mass.; and b>' T^o Ufa Insurance Medical Research Fund. 

Reed at the Twenty-ninth Annual Sleeting of The American iVssociaOon for Thoracic 
Surgeiy, New Orleans. La., March 29-81, 1949. 

•Assistant Clinical Professor of Surgerj% Harvard Medical School; tHsItlng Surgeon for 
Thoracic ^rgery, Boston City Hospital; S^lor Associate In Thoracic Surgery, Peter Bent 
Bri^nni Hospital; Thoracic Surgeon, Mount Auburn and Malden Hospitals. 

t.iVsslBtant Clinical Professor of Medicine. Harvard Medical School; Associate Physician, 
'rhomdlke Memorial Laboratorj', Boston City Hospital; j\sslstant Visiting Physician, Boston 
city Hospital. 

• ^Research Fellow In Heart Surgerj', Heart Institute of Sloe Loboratories, Brooks Hospital. 
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CLASSIFICATION OF PATIENTS WTH RESPECT TO SURGICAL PROCEDURES 

In previous communications a preliminai’y classification of patients with 
mitral stenosis was offered with respect to their suitability for different opera¬ 
tions. This classification has undergone modification, but the original outline 
follows: 

Grouj) A includes patients -with a low resting cardiac output which increased 
little or not at all on exercise. Eight ventricular failure maj' or may not have 
been present. For such patients, the operation of “valvuloplasty” may be help¬ 
ful since, in these individuals, mitral obstruction is of major importance in 
their clinical condition. 

Group B comprises patients with normal resting cardiac outputs that usually 
increase with exercise. The pulmonary symptoms may be as severe as in the 
patients in the fii'st group. In these persons mitral regurgitation rather than 
stenosis may be the predominant factor, or the cardiac output may be main¬ 
tained only by a high left auricular pressure driving blood through the 
stenotic mitral valve. For these patients, a beneficial though purely palliative 
procedure is the surgical production of an interatrial septal defect or the in- 
enious azygos to pidmonary vein shimt used by Sweet and Bland” to decom- 
iress the left auricle and the pulmonary venous hypertension, especially at 
dgh peaks during periods of strain. Such operations would not be suitable 
or patients who have had right ventricular failure because the recirculation 
if blood through this chamlier and the pulmonary circulation would place an 
dded burden on the right ventiicle. This procedure would also be contra¬ 
indicated in patients with a low resting cardiac output; in them, too great a 
proportion of blood might be diverted through the shunt, and the left auricular 
pressure might be so lowered that the blood flow through the mitral orifice to 
the periphery would be insufficient to sustain life. 

Group C includes patients whefee incapacitating sjmptoms, particularly 
attacks of pulmonary edema, are associated "with 7'a2nd heart action that cannot 
be controlled liy medical measures. The cardiac output may be normal or low, 
and the pulmonary arteiy pressure is always elevated. The patients are not 
deemed suitable candidates for either of the operations just mentioned because 
of the severity of their disease. The occasional patient with mitral stenosis who 
has attacks of severe chest pain, so-called “l^Tiercyanotic angina,” may also 
fall into this group.=“ For these patients, a palliative procedure may be the 
removal of the cardiac sjunpathetic accelerator and afferent nerves. In two 
successive operations, the inferior ceiwical ganglion and the first four or five 
domal sjmipatlietic ganglions are removed from each side through a small 
cervical incision. The relief afforded is through the production of a slower 
heart rate or the interruption of pain fibei-s. It is also possible that some addi¬ 
tional direct effect on the pulmonary circulation is produced. 

"With increase in our laiowledge, gained from operative experience and 
study of a group of twenty-five patients by cardiac catheterization and other 
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methods, we hnve modified this elnssifiention. It hns become ap])nrent by 
observation of four cases confirmed at operation or autopsy that high grade 
mitral stcnosui can exist in patients whose resting cardiac output is normal ns 
determined by cathcteriiation. It is (|iiitc probable that this resting output is 
close to the maximum that can be attnined. Thercfoi'c, definite clinical im- 
I)rovcmcnt may take place in patients following the vnIvulo])lasfic operation, 
■with significant lowering of the pulmonaiw arterial pressure, yet with no 
change in the level of the resting cardiac output. It is evident, therefore, 
that too much reliance cannot be placed on the cardiac out]mt alone as a 
guide to operability. There may be functional and structural alterations in 
the heart and in the pulmonarj’ circulation. JIarked diminution of the stroke 
volume and still further elevation of the luilmonaiy vascular prcs.sure may be 
coincident u-ith the tachyeanlia of e.xcreisc or anxiety. 

In the prcsc!it experimental .stage of the pi-oeedure, the operations under 
dLscussion should be considered only in imtients with uncomplicated mitral 
valve disease in whom theie is no evidence of a significant degree of involve¬ 
ment of other valves, of the inyoenrdium itself, or of associated disease. 


S05IE FUM)AltF_VTAL I'RINOIPI.RS OF .MITR-M- VAlATJIAIFI^VSnC BUROERV 

Four surgical principles pertaining to mitral valniloplasty have been pro- 
sented*: 

I. The oi>crntion should he perfonned without dislocation of the heart 
from position of optimum function. 

II. The huttoidiolc opening of the stenotic mitral valve should l)c ap- 
liroached from the auricular side so that the funnel directs the eutting instru¬ 
ment toward the leaflet margin. 

III. Surgicjd enlargcmcut of the stenotic orifice should be so planned that 
there is a minimum burden from associated regurgitation (“selective insuf¬ 
ficiency”) and maximum restoration of vahnilar function (“vahuiloplasty”) 
(Fig. I). 



Klg. 1 ,—DUffmmmfltlc reprc*entatlon of vnrlouo operations In the stenotic mitral ring as 
seen from above. A, Anterior valvulotomy (dotted lines Indicate sones In the solid stenotic 
funnel that wore commissures In the predlseaBc state); B. anterior leaflet Insufflclency; O, 
posterior leaflet InauJTlclencj’—"selective Insumdencj*"; Z), "selective Insufllclencj'” and "vahmlo- 
plostj^ by excision of the Immobfllxlng commUsuro bridge*; E, **val\'uloplaatj'" by Incision In 
the xones of the commissures. 


rV. In the pi'cscnce of mitiul oiistructiou or reguigitation, undue accelera¬ 
tion of the heart rate must he avoided. This acceleration is avoided by elim¬ 
inating all possible ordinaiy sources of tachycardia incident to surgery, by 
adequate digitaliration, and by the use of intravenous procaine at the time of 
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operation to reduce cardiac irritability. Tachycardia increases pulmonary 
vascular pressure and is associated vuth pulmonarj^ edema and other forms of 
‘ ‘ pulmonary decompensation. ’ ’ 

Now we may add two more piinciples and clarify further some of the previ¬ 
ous statements through experience unth three new vahniloplasty patients. These 
case presentations will shov'^ that; 

V. Blind intracardiac maneuvers must be well controlled and deliberate. 

VI. There must be the least possible stimulation of the ventricular endo¬ 
cardium during intracardiac operation. 

In this field of surgeiy, the experimental animal is of only partial help. 
Each new human problem must be approached with care and the maximum 
experience gained from each surgical opei-ation. Our intracardiac manipula¬ 
tions have been not only blmd, but hurried and ill controlled. It would not be 
so hazardous to work quickly if we could see well, directly or indirectly. 
An adequate cardioscope is, unfortunately, not yet available.^^’ Quite 

naturally, we look forward to the satisfactory extracorporeal pump that will 
allow deliberate open intracardiac surgeiy. Bjork in Crafoord’s laboratory,^^ 
Gibbon,^^ and Jongbloed^^ have gone far but they have not yet offered a pump 
suitable for human use. 

It would not be such a handicap to Avork blindly if one could be deliberate 
ind carefully palpate for the stenotic opening with suitable instruments, 
pould map the pattern of the rolled “fishmouth,” and could then deliberately 
incise or resect the fiised commissures, and excise suitable portions of the 
posterior leaflet. This should be controlled by frequent auricular and ven¬ 
tricular pressure recordings. 

Four ncAV operative experiences with vahniloplasty are presented here be¬ 
cause they illustrate (a) the need for more deliberate cardiac manipulation, (b) 
the need for better control of the open auricle and consequent loss of blood, 
(c) the need for frequent pressure soundings as a guide to the pattern and ex¬ 
tent of excision, and (d) the steps taken to meet these needs. 

CASE REPORTS 

Mitral Stenosis Case 6, Valvuloplasty No. 3. —F. M., a 32-year-olcl housemfe, was re¬ 
ferred to the U. S. Naval Hospital, Chelsea, Ma.ss. on Dec. 12, 1948, witli the cliief complaint 
of increasing dyspnea for the past seven years. 

Seven years previously, during her only pregnancy, a heart murmur was discovered and 
digitalis was begun. Four years prior to admission, there was an aggravation of symptoms 
of dyspnea, cough, and frothy sputum. Digitalis was discontinued because of nausea. 
One year prior to this admission, the patient had an episode of severe cough accompanied by 
a large quantity of blood-tinged, frothy sputum which was diagnosed as ‘ ‘ inter-lobar 
pleurisy” and subsided Avith conservative thcrap}'. During the past year, dyspnea, weakness, 
and marked palpitation of the heart became more distressing. The patient had to restrict 
her activities greatly. She walked little and had to be carried upstairs. Digitalis was begun 
again. There has never been any peripheral edema. 

■ The past history revealed no definite history of rheumatic fever. The patient had two 
attacks of diphtheria about eleven years prior to admission. 

Phj’sical examination revealed a pale, tliin, rather underdeveloped woman. General 
physical examination was not remarkable except for the cardiovascular system. The maximal 
apical impulse was 9 cm. to the left of the midstemal line in the fifth interspace and the 
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left border of du!lnw»H wrk percuwed »it 10 em., 3 cm. beyond tJio niidclnvicnlnr line. There 
wns nn npical dlafltolio thrill. The firnl mitral Bound \vnB jinnpj)inK in qualitj'. There was a 
Grndo TI npiml BA-stolle and n low-pitchetl Grade IIT din^tolie rumble with proBjutoUc accentua¬ 
tion as well iiB a Grade I hiRh-pitelte<l enrly dln«tolle murmur in the pulmonic area. The 
rhythm wns regular with a re^«tlnp rate of 88 that rose to HO on mild ejccrcbe. The Inupn 
were clear. There wns no renons conpCBtion, liepntomepnly, ascitCB, or peripheral congestion, 
lllood pressure was 120/80. 

Teleroentpenogrnphy sho\ve<l a 25 jkt cent enlargement in the transverse diameter of the 
heart, and markiHl prominence of the pulmonury roijua with evidence of left auricular enlarge¬ 
ment In the oblique view. The elect rocjirdiogrnm was consistent with right ventricular and 
auricular enlargement. The venous pr*‘ssurv wns H5 to 110 mm. of water, an<l rose to HO 
with hepatic prcisme. lllcKa] exniniimtion on ndniirslon revenletl the liemoglohin to l>e 11 
Gm., the red count to l>e 4,540,000 and hematocrit 41. 

Preoperotivo eatlicterir.ation studies arc shown In Table T. 

Mitral vaUmloplnsty was dono .fan. 0, 1041>. Prcmcdicatiou was Seconal 100 mg., 
scopolamine 0.G5 mg. Anesthesln uas brief |>enlotIinl induetioii, then endotnichciil ether. 

Electrocardiographic tracings were followetl throughout the proceilurc by medical con¬ 
sultants. 

Incision ^\•ns made from tin* feroiid rib ou the left immc<liately lateral to the sternum 
in the infrnmammary line to the midaxllla. During the opening of tho chest wall, electro¬ 
cardiograms revenleil idioventricular rhythm und im'gular runs of nurirular fibrillation. Extra- 
s^-stoles und ventricular tachyrnrdin were note*!, and on three ocenslons over a period of 
thirty minutes, 20 c.e. of 1 jK^r cent procfiinc were adminlsten'tl intrarcnoasly. After reflecting 
tho left breast upward, the incision was carrieil through tlio left tliird interspneo from tho 
sternum to the midaxillary line. The nmnimiiry versels were llgutcil proxinmlly and distnlly, 
then divided, As tho rilw were exposo^l, the tliir<l and fourth costal cartllngcs were dirided 
1.5 em. to the left of tho steraum. Irregularity of ))eat was accentuated with the spreading 
of tho ribs. Tho pericardium was opened over the left nurlculnr npi^endnge in a linear 
fashion 1J3 cm. anterior to the left phrenic nerve, and Ko. 2 brobh^fl silk stay sutnrea were 
placed for exposure. As one stay suture whs Inserted, the auricular appendage in¬ 
advertently nicked, but blei'ding \nis controllwl with a small snap. 

A 000 black Dekuntcl suture was lusertod in purse-string fasliion al)OUt the tip of the 
left auricular appendngo and a No. 2 black silk braldeil suture ^ms set, but not tied at tho 
l«is 0 of tho appendage. At this point iu (Iio operation tlie patient’s blood pressore became 
imperceptible and there was dllntntion of the ventricles with runs of ventricular tachycardia, 
followed by slow Idioventricular rhythm and then fibrillation. The lieart appeared to bo 
motionless. Mnnual massage of tho heart \xnn instituted. Tliig cardiac massage was carried 
out by the surgeon (D. E. II.) who placi'd his left hand palm upward on the phrenic surface 
of tho heart, meanwhile supporting the dilated exposed anterior surface of the heart nitli the 
cuppe<l palm of tho right hand. After approximately eight minutes, tho heart appeared to 
fibrlllatc. Throughout this perlml of apparent arrest slow fibrillation a*ns recorded by the 
electrocardiography (Fig. 2). Inasnmcli as 20 mg. of procaine had Wn given twelve and 
three minutes l>eforo the episode of ranlinc arrest, it was thought possible that the airost was 
due to an ribnormal resi>oiiM* to a small dose of the drug, therefore it was not administered 
again but rather Neo-synoplirinc approximately 1 c.c. within the clioml-wr of the right 
ventricle, and approximately 0.6 c.c. into the Avnll of each vcntrielo, followed within fifteen 
seconds by ventricular dlssocintion, then by the resumption of relatively normal beats at 88 a 
minute, and blood pressure 60/40, after 4 gr. of intravenous ambmpliylUno. The p.atient seemed 
to stabllire with a blood pressure of 80/60 with a ventricular rate of 125-200. It Avns decided 
to carry on with the planned procedure, sinco it seemed unlikely that the potlent would survive 
unless medianloal improvement ^vns afforded tho heart. The pmich valvulotome (Fig. 3) was in¬ 
serted without recovery of tissue; In doing this the auricular appendage \vas torn and there 
vrns considerable bloml loss. The reverse scissors type of valvulotome (Fig. 4) was next 
inserted and incision with the cutUng blade carried tlirongh tho medial commissure. Again 
thoTo was marked blood loss through the open appendage. Tho total blood loss was approxi¬ 
mately l/MO c,c. Hemostasis wns extremely diflfleuU by digital compression bnt control was 
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obtained and a No. 3 silk tie was secured about the base of the appendage. The peri¬ 
cardium was loosely closed. The chest wall closure was completed in layers with interrupted 
000 black silk sutures. At the time the skin was closed, the patient had a blood pressure of 
80/60 and a pulse rate of 140. Tliree and one-half hours later, the pulse was 100 and the 
blood pressure 110/60. At this point, the electrocardiogram resembled those taken before the 
operation. 



Fig. 2.—Electrocardiogrrapldc tracings during vahmloplasty No. 3. From above downward 
they show (l) bizarre ventricular activity due to slow ventricular fibrillation and the mechani¬ 
cal effect of cardiac nnis^ge: (2) verj* slow blzaire ventricular complexes; (3) Idioventricular 
rhythm with several foci of Impulse formation and possible auricular activltj’; (4) idioven¬ 
tricular rhythm or auriculoyentricular nodal rhj-thm and intraventricular block with apparent 
auriculoventricular dissociation. 
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FIf. 3.—Tilt* cnnllovnlmlotoiiio of the punch tppn* 
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The postoperative course was surprisingly uneventful. There was a marked change in 
the character of the apical cardiac murmur to a harsh systolic and a faint, short diastolic 
without presystolic accentuation. 

The patient was able to be up and about the ward on the eightli day after operation 
and even then felt able to perform greater physical effort than before the operation. She 
was discharged from the hospital on February 12. Two months after operation, she was able 
to climb stairs for the first time in two years and to perform graded exercises with much less 
dyspnea. 

Postoperative catheterization studies are shown in Table I. 


Table I. F. M. (Mitral Stenosis Case 6, Valvuloplasty No. 3) 



STROKE 

PULMONARY ARTERY PRESSURE 


VOLUME 

(MM. HO) 

CARDIAC 

(C.C. PER 


INDEX 

BEAT) 

SYSTOLIC DIASTOLIC MEAN 


Preoperative 

(12/28/48) 

Resting 

2.43 

50.0 

77.5 

30.5 

49 

After exercise 

2.92 

36.5 

122.5 

64.5 

74 

Postoperative 

(3/16/49) 

Resting 

2.84 

46.5 

50.0 

21.5 

32 

. After exercise 

3.18 

49.0 

73.8 

31.5 

46 


Comment .—Tliis record is significant for several reasons. Not only can an 
extremely ill patient survive mitral valvuloplasty, but there is unmistakable 
objective eiddence of improvement follotving this operation. Suivival alone is 
not a sufficient assay of surgical success. 

There are perhaps only two previous examples of ventricular fibrillation 
on the operating table, proved by electrocardiography, that have reverted to 
effective beat coincident with maneuvers on the part of the surgeon directed 
at defibrillation of the heart (Beck-® and Lampson-®). 

Finally, the lack of control of blood loss from the auricle after it was torn 
emphasized the grave need for more dependable means of grasping and fixing 
tliis structure as well as more deliberate hemostatic means of introducing instru¬ 
ments into the heart. 

Mitral Stenosis Case 7, Valvuloplasty No. 4. —E. C., a SG-ycar-old white married woman, 
entered the Boston City Hospital Feb. 11, 1949. This was her ninth liospital admission with 
chief complaint of hemoptysis. 

Thirteen years prior to this admission, she first noted bloodstreaked sputum, with in¬ 
creasing fatigability. Several months after the onset of symptoms, she had a massive 
hemoptysis, at whicli time she was told .she Iiad serious heart disease. There was no history 
of acute rlioumatic fever. Digitalis was begun at that time, and has liecn continued since. 
Since the initial episode, she has had recurrent bloody sputum, difficulty in breatliing, and has 
led the life of an invalid at home and in hospitals. Her hospital admissions were necessitated 
by episodes of pulmonary edema. 

Since the last hospitalization one year before admission, she has suffered dy^spnea on 
walking a few feet, marked orthopnea, frequent attacks of paroxysmal nocturnal dyspnea, 
and mild intermittent ankle edema. 

On the night before this admission, the patient vomited several times, noted tachycardia 
with palpitation, and gradual increase in dyspnea accompanied by frothy pink sputum. She 
n-as admitted in acute pulmonary edema nitli evidence of a pulmonary infection. She re¬ 
sponded to therapy, including oxygen, sedatives, antibiotics, and diuretics. 
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Phvplenl cxaminntion nlipn wo* ronmloHrmt t\TO weeks later mis an follows: Her 
nppeamneo was that of an fmaciotod 30*j*cnr*old woman. Tlio poneral pLysicoI examination 
n-ns not remarkable except for the cardiovnseular examination. The lunps were clear. The 
heart enlargeil to the left, and tliere was no evideneo of peripheral congestion. There 
UTis a dlfTuM* precordinl thrust with an apirnl presj-stollc thrill. Over the mitral area was 
heard a diastolic rumble with crescendo pre.systolip murmur nnd a loud mitral first sound. The 
second pnlnionie sound u-ns loud nnd Kplil. The rhythm mis regolnr, heart rate 08. Blood 
pressure was ]00/o4. 

Teleroentgenograms and fluorowopy reTenle<l marked enlargement of the pulmonary 
artery at the <'onus^ increased arterial markings In both long fields, nnd enlargement In the 
tmasrerse diameter. Kleetrocnrdiogmms gave cvi<lonce of right I'cntrirular enlargement 
The hematocrit wna 40, the hemogloldn 14 Gm. The white lilootl cell count was 7,850. 

Cardiac onthelerization showetl the cardiac output to Ik? 4.57 liters per minute 
(oartliac index, 3.0(1) with no appreeiable change in output or stroke i-oiame on exercise. 
Ihilmonari' arterj’ prosnres wen* not obtained. 

ititrnl vnlvulopliihty was (ione March 14, 1049. PrcmtNlication was Seconal 0.40 Gm., 
demerol 100 mg., seopolnmlnc 0.05 mg. Anesthesia was cyclopropane Induction, (hen endo¬ 
tracheal ether. 

Klectrocardiographle (mciags were foliow<*«J throughout. 



FIp, 5 ,—Tlio oporatlnc tunnel with Introducing obturator and plnstto control sloeve. 


■\Vith the patient in the dorsal decubitus position, n cun’Ml 34 cm. incision was carried 
from the left stcrunl Iwrdcr below the left breast to the anterior axillarj’ line. The breast 
was rcflecte<l upwanl and the chest opcnetl in the third intercostal space. The costal cartilages 
of the third nnd fourth rilwi •were divided 1.5 em. to the left of the sternum and tho ribs 
spread. Tlie pericardium mis opened anterior to tho phrenic nerve and silk marsupioliiing 
traction sutures were placed. A greatly enlarged pulmonary artery mcanurlng perhaps 6 cm. 
In diameter presented nnd caused cardiac rotation that gave the left auricular appendage a 
posterior pasltlon. This position of tho appendage necettsitatwl a second incision posterior 
to and parallel to tho phrenic nerve, and thus nffordcKl adequate appendage exposure. The 
margins of the auricular appendage wre gmspetl by two Kelly clamps, the auricle l>etween 
the clamps mis incised, and tho operating tunnel insertCMl (Fig. 5). A silk suture of No. 2 
silk previously laid at the base of the appendage was then tied, but was not properly placed 
and the poljdhene cuff of the tunnel occluded. Efforts at using the well a-ero alMindoned. 
There had l>een little blood loss and the patient’s condition remained good. 
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The curved valvulotome punch was then directly introduced with considerable blood 
loss (perhaps 1000 c.c.). Two bites of the mitral valve were taken. The blood pressure fell 
rapidly, but the heartbeat remained regular. Pressure transfusion brought the blood pressure 
to normal levels witliin ten minutes. It was felt that the valvular excision had not been 
adequate so the valvulotome was reintroduced and another bite taken. This was again ac¬ 
companied by marked blood loss, at least 1,500 c.c., and the patient went into shock. 

Although there was marked bleeding during the intracardiac manipulation, it was twice 
demonstrated that the auricle clamp (Pig. 6) worked nicelj' in controlling blood loss between 
manipulations. During and follondng these manipulations 3000 c.c. of blood were delivered 
under pressure, but we did not feel that the rapid replacement technique was as satisfactory 
as it might have been. 



Pig. 6.—The auricle clamp—a noncrushing clamp with teeth to prevent slipping. 


With the onset of shock, the heartbeat became irregular, there was auriculoventricular 
block recorded by continuous electrocardiogram, then idioventricular rhythm, and finally 
ventricular arrest and fibrillation. Cardiac massage was instituted, positive pressure respira¬ 
tion conducted, Neo-sjmephrine injected intracardially, and finally, electric shock applied. 
All measures were futile. Massage and artificial respiration were continued for thirty min¬ 
utes without resumption of autogenous activity. Permission for post-mortem examination 
was not obtained. 

Comment .—This case illustrates the devastating effects of hurried, blind 
operating with inadequate control of blood loss. The auricular incision and 
therefore subsequent blood loss was much larger than in any other operation 
because the well had been inserted and removed. Doubtless the operating well 
should not have been abandoned after one simple initial complication in inser¬ 
tion. Certainly in retrospect we can say that the second intracardiac maneuver 
should not have been attemped. 

Mitral Stenosis Case 8, Valvuloplasty No. 5. —M. H., a 29-yenr-old male veteran, was 
admitted to the Peter Bent Brigham Hospital on Pel). 21, 1949, for evaluation of his cardiac 
status. 

Seven years previously, in November, 1942, he was refused admission to Otficer-Candi- 
dato School because of a “presystolic murmur.” Army discharge followed shortly. The 
patient had few complaints until years later. In 1945, he began to suffer from pains over 
tlie precordium associated with dyspnea that was frequently asthmatic in character. These 
increased in severity over the next two years. Late in 1946, hemoptj-sis occurred and varied 
from streaking to frank homorrliage of 750 c.c. At this time the patient was admitted to a 
Veterans Administration Hospital, where he was observed for nine months. During the course 
of this hospitalization there were occasional episodes of bleeding. At times he had a low- 
grade fever and lesions suspected of being petechial in character were noted. The patient 
was digitalized at this time and has continued on 0.2 mg. of digitoxin daily since. He was 
given ammonium chloride, Mercuhydrin, and salicylates. Following his discharge from that 
hospital in September, 1947, he was fairly comfortable for a few weeks until pain, dyspnea. 




10 


THE JOURNAL OF THORACIC SURGERY 


The curved valvulotome punch was then directly introduced with considerable blood 
loss (perhaps 1000 c.c.). Two bites of the mitral valve were taken. The blood pressure fell 
rapidly, but the heartbeat remained regular. Pressure transfusion brought the blood pressure 
to normal levels within ten minutes. It was felt that the valvular excision had not been 
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companied by marked blood loss, at least 1,500 c.c., and the patient went into shock. 
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demonstrated that the auricle clamp (Pig. 6) worked nicely in controlling blood loss between 
manipulations. During and following these manipulations 3000 c.c. of blood were delivered 
under pressure, but we did not feel that the rapid replacement technique was as satisfactory 
as it might have been. 



F1&. 6.—The auricle clamp—a noncruahlng clamp with teeth to prevent slipping-. 
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this incision the operating tunnel was inserted. The auricular wall was tied in place uith 
a No. 5 black silk suture. Little blood was lost during this maneuver. 

The cmwed punch valvulotome was introduced through the operating tunnel, the mitral 
lishmouth located, and two substantial cuts were made in a region taken to be that of the 
posterior leaflet. Segments of valve leaflet on the zones of fused commissures were not removed 
in the valvulotome. The valvulotome was introduced twice. The second time the pimch was 
inserted tiny fragments of tissue resembling bits of chordae tendineae were foimd in the 
instrument. A No. 5 black silk tie was then placed about the base of the appendage and the 
suprajacent portion was cut off to recover the tunnel. At this point, the blood pressure had 
fallen beyond detection and the heart action became so feeble as to suggest impending arrest. 
However, after a rest period of five minutes the action had recovered sufficiently that a blood 
pressure of 80/40 was obtained and the continuous electrocardiogram showed a regular rate 
of 104 beats a minute. 

The pressure in the auricle was not taken because the trocar used for such soundings 
had perforated the plastic sleeve of the tunnel and also had damaged the wall of the left 
auricle. Both of these perforations resulted in blood loss that made the intracardiac maneu¬ 
vers less than completely deliberate. Blood loss through the laceration of the auricle was con¬ 
trolled by pressure with an Oxycel sponge and the sleeve perforation was occluded by digital 
compression until the auricular appendage had been tied and amputated. 

The pericardium was then loosely closed, leaving the O.xycel sponge on the auricle at the 
point of perforation. 

Approximately 1,200 c.c. of blood were aspirated from the left pleural space, the lung 
was expanded, and 400,000 units of penicillin were instilled. The chest wall was closed 
■with interrupted silk sutures, without drainage. 

The left auricular appendage removed at operation showed histologic changes con¬ 
sistent ■with an active rheumatic carditis. These included perivascular foci of oval vesicular 
cells believed to represent Aschoff bodies. 

The postoperative course was moderately stormy, due primarily to the patient's limited 
respiratory reserve, to great apprehension attending discomfort, and to considerable bloody 
effusion in the left pleural space. 

After four days of apparent improvement, he suddenly went into pulmonary edema 
and died ^vithin a few hours in spite of standard therapy. 

Gross autopsy findings were essentially those of far-advanced stenosis with the pul¬ 
monary vascular changes that may be associated uith this condition. The valvulotome had 
produced a defect 3 by 1 mm. in the medial commissure and a much smaller defect, mrtually 
a scratch of the lateral commissure. The classical marginal ring at the vortex of the funnel 
that prevents mitral valve opening or closure had not been broken. The stenosis had not been 
corrected by valvuloplasty, nor had it been significantly altered by “selective insulSciency.’’ 

Comment .—The operative and autopsy findings in this patient re-empha- 
size some cardinal features of the pathology and surgical technique in the 
correction of mitral stenosis. 

The operating -well was used successfully here; it may make intracardiac 
maneuvers more deliberate, with better control of blood loss. We look for¬ 
ward to tising the operating tunnel as the portal through which damaged 
valves may he excised and prosthetic valves be inserted. Hufnagel is now 
making significant progress in the use of plastic valves.-’^ 

In this operation, alarming evidence of ventricular irritability and dis¬ 
turbances of electrical conduction der’^eloped when the ventricular endo¬ 
cardium was stimulated. This has become apparent by correlating our direct 
observations of the heart at operation Avith the continuous electrocardiogram, 
and by repeated observations during cardiac catheterization. 
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The mieroseopie fludiug of netive vheuiimtic eavditis points out the need 
for clinienl tests for assessing diseiisc netivity. I?y our own eriteriu, ive should 
not have selected this patient for surgery had we lieen able to predetermine 
the presence of such activity. 

At autopsy, it was revealed that the mitral valve did not have a diffuse 
calcific thickening of the fishmonth funnel. Host of the patients noth mitral 
stenosis that wo have seen at autop.sy have not had .such calcification. They 
have had thickened leaflets, to he sure, hut large areas of the leaflets have been 
thin to the point of translueeney and <|nite tlo.xihle. This cannot ho readily 
appreciated in speeimeiLs after fixation in preservative. The significant point 
in stenosis is rather the marked thickening in a ring of den.sc lihrous tissue at 
and just hack of the free margin. This fibrous ring is continuous acrass the 
fused commissural zones. At the point of the fused eomniis.sures this ring 
prevents the closure of the vulve in systole, just as it prevents opening of the 
valve in diastole. 

It appears to ns that we can cxi)cot consideruhle imprevement in the 
vaU-ulur action of the thickened mitnd fniine! if this ring is broken, jirefcrably 
by incision or wedge resection in Imth eoinmis.surul zones (Fig. 1). This allows 
some re.storution of function to the thickened leaflets. Obviously, the thickening 
and shortening of the chordae tcndincue, the papillary muscles, and the leaflets 
themselves may preclude the restoration of perfect valvular fimetion. 

This concept of the nature of the mechanical difflculfy in mitral stenosis 
throws considerable light on the reason for the high mortality in the surgery of 
the disca.se. If this sort of major surgery is performed without correction of the 
mechanical handicap, a properly selected patient is in no condition to witlistaud 
the operation. Conversely, it would appear that patients can witlistaud vahailo- 
plasty if it does properly improve the underlying vahuilar disease. The second 
and third patients in the valvuloplasty series, who were the gravest of risks and 
operated upon during a period of puhnonaiw edema, demonstrated this fact. 

DISCUSSION 

Our experience with mitral stenosis now involves a study group of hventy- 
five patients, eight of whom hove been treated surgically. There have been three 
surgical deaths. The operations have liecn as follows; Five valvidoplasties, two 
interatrial septal defects, and one denervaitou. The deatlis were aU in the 
valvuloplasty group. The first patient of the series was lost because we did not 
at that time appreciate the devastating effect of tachycardia. The second death 
was ■ the fourth valvuloplasty. This death was on the operating table from 
uncontrolled blood loss. The tliird death was from pulmonary edema on the 
fifth postoperative day, and autopsy revealed that too little valvnloplastic in¬ 
cision had been made. This debilitated patient was therefore subjected to a 
very strenuous operation ivithout the relief of adequate eoiTection of the fmida- 
hiental mechanical handicap. 

The experience to date seems to indicate that c.ssential knowledge of the 
technical difficulties and the indications for various surgical procedures is being 
gathered. 
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The possibility of practical surgical relief of mitral stenosis calls for more 
complete undei'standing of the disease. Means must be sought to predict the 
probable clinical course of a given patient. Those who have a truly malignant 
form of vahmlar disease should be selected, if possible, before the pulmonary 
changes render the patient an inordinately serious risk for surgical intervention. 

Objective evaluation before, during, and after operation must be conducted 
in order to determine which procedures are best tolerated and most beneficial. 
These appraisals shoidd include detailed observations of the cardiac and pul¬ 
monary djmamics, both at rest and during exercise. 

SUMMARY 

1. A tentative classification of patients suffering from mitral stenosis and 
the operations considered appropriate in those conditions is discussed. 

2. Three additional patients who have had valvuloplastic operations have 
been presented. 

3. One of the new patients has completed postoperative evaluation and 
shows conclusive improvement associated vdth the valvuloplastic opex’ation. 

4. The total experience mth 25 patients in the study group has been men¬ 
tioned in relation to 8 patients who have had surgical treatment. The 8 patients 
have had the folloxving operations; 5 vahmloplastic procedures, 2 slumts through 
the provision of septal defects, and 1 cardiac deneiwation. There were 3 surgical 
deaths, all following valvuloplasty. 

5. An operating tunnel is presented. This tunnel provided an opportunity 
for more deliberate, better-controlled intracardiae operation in a human valvulo¬ 
plasty. 

6. The mechanical problem posed by the thick marginal ring of fibrous 
tissue seen in mitral stenosis is reviewed. 

7. Two additional principles of mitral valvuloplastic surgery have been 
presented; 

V. Blind mtracardiac maneuvers must be well controlled and 
deliberate. 

VI. There must be least possible stimulation of the ventricular 
endocardium during iutracardiac operation. 

Wo wish to express our appreciation for criticisms and suggestions to tlie following 
members of the Board of Consultants of The Heart Institute of the Sias Laboratories: Drs. 
William S. Derrick, Lewis Dexter, Burton E. Hamilton, Francis D. iloore, Frederic Parker, 
Jr., Richard Schatzki, and Paul AL Zoll. 

Appreciation is also e.xpressed to Codmau & Shurtlelf, Inc., 104 Brookline Avenue, 
Boston, Mass., for their cooperation in designing and producing these instruments. 

REFERENCES 

1. Harken, D. E., Ellis, L. B., Ware, P. F., and Norman, L. E.: The Surgical Treatment 

of Mitral Stenosis. I. Valvuloplasty, New England J. Med. 239: 801-809, 1948. 

2. Ellis, L. B., and Harken, D. E.: Mitral Stenosis; Clinical Physiology Correlated With 

Special Reference to Surgical Intervention, Proc. Am. Clin, and Climat. Assoc. 

(In press.) 

3. Brunton, L.: Preliminary Note on Possibility of Treating Mitral Stenosis by Surgical 

Methods, Lancet 1: 352, 1902. 

Idem: Surgical Operation for Mitral Stenosis, Ibid. 1: 547, 1902. 



HAKKEK hTT AL.: SURGICAL TRB.miIiXT OF MITRAL STENOSIS 


16 


4. Uaecker, IL: EipvrimontoHo Studion wir Pathologie uud Chinirtno dor Herzens, Arch, 

f. kiln. Chlr. 54: 103,')-1008, 1007. 

5. Bomhelm, B. il.: Experimental Surgorv of Mitral Volvo, Dull. Johns Hopkins Hosp. 

107-110, 1000. 

0. Cushing, H., and Branch, J. K. B.: Exporinieutal and Clinical Notes on Chronic Vahoi- 
lar Disease In Dog and Posslblo Bolationn to Future Surgerv of Cardiac Valves, 
J. ifed. Besonreh 12: 471-180, lOOT-ltMlS. 

7, Schopolmann, H: Vereuche zur Horzeliirurgie. Arch. f. kJin. Chlr. 97: 739-751, 1012, 
Idem; Herzklnppon Chirurgio, Experimentollo Untorsuehon, Doutsebo Ztaebr. f. 

Cbir. 120: ^2-570, 1913. 

8. Carrel, A., and TulHor, T.: Ktu<le nnutomopathologic^uo et cxperiinontalo sur la chir¬ 

urgio dc8 orlileea du coeur, Pre».MO mod, 22: 173*177, 1914. 

U. Cutler, E. 0., an<l Lovino, S. A.: Cardiotomy and Valvulotomy for Mitral Stenosis. 
Exi)oriniontQl Obsorvationn and Clinical Notos Concerning Operated Case With 
Recovery, Boston if. & S. .T. 188: 1023-1027, t023. 

10. Cutler, E. C., Lovino, S, A*, and Beck, C. S.; Surgical Treatment of ilitral Stenosis: 

Experimental and Clinical Studies, Arch. Surg. 9: G89-S21, 1924. 

JI. Beck, C. 8., and Cutler, E. C.; Cardiovulvulotooie. J. Exper. Med. 40; 375-370, 1924. 

12. Cutler, K, C.: Surgical Aspect of ^Mitral Stenosis, Arch. Surg. 12: 212-220, 1926. 

13. Cutler, E. C., and Bock, C. S.; Surgery of Heart and Pericardium, Chap. IV, In 

Nclhon’fl Looso-I^eaf Living Surgery, Vol. 4, edited by A. O. Whipple and F. B. 
St. John, Now Vork, 1927, Thos. Nulsoti & Sons, pp. 2SQ-'320. 

14. Cutler, E. C., and Beck, C. 8.: Present Status of Surgical Procedures in Chronic 

Valvular Diseaso of Heart: Miml Report of All Surgical CaaeH, Arch. Surg. 18: 
403-410, 1020. 

15. Allen, D. 3., and Graham, E, A.: Inlrncurdiac Surgery—New ilethod: Preliminary 

Report, J, A. 3f. A. 79; 102S-1030. 1922. 

10. Allen, D. 8.: Intmcafdlac Surgery, Arch. Surg. 8: 317-329, 1024. 

17. Souttar, If. 8.: Surgicol Trootmont of Mitral Stenosis, Brit, if, .1. 2: U03-000, 1925. 

18. Pribnun, B. O.: Die operutlvo Bchondlung der Mitrolstenose. Arch. f. klim Chir. 142: 

458-405, 1020. 

19. Bland, E.. and Sweet, B. IL: Persona) communication. 

Idem: (Cases From the l^redictil Grand Rountls. Ilfas^achusetts Geuerul Hospital, Case 
SZ). A Venous Shunt for Marked ^litral Stenosis, Am. Praet. 2: 750-761, 1948. 

20. Burgess, ^V. M.. .Ir., and Ellin, L. B.: Chest Pain in Patients With Mitral Stenosis, 

With Particular Roferonco to So-Called "Hyiiercyanotic Angina,^’ New England 
J. Med. 220 : 937-941, 1042. 

21. Harken, D. Ek, and Oliddon, E. M.: Exporimentn in Intracardiac Surger>-. IL Intra- 

cardiac VIsunlizutioM, J. TitOH.\ciC Si'RO. 12: 300-572, 104.3. 

22. Bjork, V. O.: Brain Perfusions in Doga With ArtiJlcinlly Oxygenated Blood, Acta 

cbir. Scandiimv. 96 (Suppl, 137), 1948. 

2X Gibbon, J. H., .Tr.: Maintenance of Life During Experimental Occlusion of the Pul- 
raonarj' Artery Followed by Survival, Surg., Gymec. d: Obst, 69: 602-014, 1930. 

24. Jongbloed,A Mechanical Heart and Lung, Nedorl. tijdschr. v. geneesk. 02: 1965, 

1949; Abstracted in .7. A. M. A. 130; 48-40, 1949. 

25. Beck, 0. S., Pritchard, W. IL, and Fei), U. 8.: Vonlrioular Fibrillation of Long Dura¬ 

tion Abolished by Electric Shock, .1. A. M. A. 136: OS5-OSO, 1947. 

26. Lampson, IL 8., Schaeffer, W. C., and Lincoln, J. B.: Acute Circulatory Arrest From 

Ventricular Fibrillation for Twenty-Soven Minutes With Complete Recovery, 
J. if. A. 137: 1676-1578, 1048. 

27. Hufnngel, C. A.: Personal communication. 

(See pooe for diecvsticn) 
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Philadelphia, Pa. 

I T WAS inevital)le that the many recent advances in cardiac diagnosis and 
surgery would shortly foster invasion of the heart chambei’S. Whereas cardiac 
surgeiy for the most part has been the .surgery of the great vessels encompassing 
the heart and as .such might better have been termed cardiovascular surgery, 
recent intracardiac invasion has re-affirmed its right as a definitive entity. The 
eventual scope of such endeavor is limited only by the anatomical boundaries of 
the organ itself, and by the enlightened intrepitude of its invaders. 

It is logical that chronic valvular disease of the heart should be among the 
first intraeardiac disordei's subjected to surgical attack. It is common and found 
univei’sally. White^ has estimated that 0.5 to 1 per cent of the community is 
affected, particularly in those areas where rheumatic fever is endemic such as in 
the northeastern part of the United States and Northern Europe. The great 
majority of pei'sons who have had rheumatic fever (about 85 per cent) develop 
defoiming valvular disease of the heart, the mitral valve being most frequently 
affected. Organic stenosis of the mitral valve is probably the comuionest single 
end result of rheumatic infection, although organic aortic valve disease in the 
form of a regurgitant lesion is rated an equal by some. 

The prognosLs of an individual case of mitral stenosis depends upon many 
factors; the age of the patient, the severity of the lesion, the presence or ab-" 
senee of other valve defects, the presence or absence of additional rheumatic 
activity, and the condition of the myocardium. The ultimate outcome, however, 
is almost invariably unfavorable. Not only is the life span shortened, but handi¬ 
capped acthdty, invalidism, and occasionally vegetation are present among its 
^dctims. Although a few may escape until later years, it is more often fatal 
before or soon after the patient reaches adult life. Recently we have been con¬ 
sulted by a 5S-year-old woman who had been apparently “successfully” treated 
over a period of thirty years. Indeed, she had been skillfully managed, for 
which she was grateful; yet she plaintively requested surgeiy at this late date, 
for while she had lived, ‘ ‘ It wasn’t like a life. I never could do anjyhing. ’ ’ 

Since medical therapy has so little to offer in many cases, and since a stenotic 
lesion is essentially a mechanical stricture, it is little wonder that direct surgical 
attack was sugge.sted by Brunton as early as 1902.^ The ideal approach to such 
a problem can be directed only at correction of the stenotic valve itself, provided 
this can be accomplished without the production of deleterious side effects. 
Should such attempts fail, satisfactory relief might be forthcoming by less 
definitive but fairly adequate indirect methods. When a condition is recog¬ 
nized as offering only a fatal or hopeless outlook, desperate measures seem less 
desperate and Avith application and courage not infreciuently can be made safe. 

From the Thoracic Surgical Seirlces of the Episcopal Hospital and the Hahnemann 
Medical College and Hospital, Philadelphia, Pa., and The Memorial Hospital, Wilmington, Del. 

Read at the Twenty-ninth Annual Meeting of The American Association for Thoracic 
Surgerj', New Orleans. La.. March 29-31, 1949. 
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ANATOmC, I'ATIlOI.OdlC, AND I'lIYSIOLOOIC CONSIDERATIONS 

TIio interplay of tlieso three factors with lel'creiice to the mitral valve may 
seem eoiiiplicatcd, hut when reilnced to essential eomiHinents is readily uuder- 
standuhle. One may think of the uornnil mitral valve as a truncated cone or 
nicyaphone eoiniKised of thin, Ilexible mcmhranc. Tts apical portion is suspended 
by many nuy wires (chordae tendineae) which are Rrouped more heavily in 
two areas—one on each side of the apex of the cone. These areas represent the 
anatomic fusion of the two components of the valve (au anteromedial and a 
IKistoroIuteral leaf), and when inodifled by rheumatic disease become the “eoin- 
niLssures.” The entire cone is somewhat flattened toward the apex and these 
'‘coniniissures" represent the lines of foldiiiK (lateral seams of the megaphone) 
of the valve structure. The plane of llntlening is neither horizontal nor vertical 
as the patient lies supine, hut is rather .sharply obliijiie. The anteiomedial cusp 
is larger than the posterolateral, lies diagonally anterior to it, and is continuous 
with the jKistcrior wall of the intmcai-diac portion of the aorta. lu auricular 
systole the posterolateral ciLsp lies well away from the lateral ventricular wall, 
hut during ventricular .sy.stolc may approximate it. h'or this reason, mitral re¬ 
gurgitation is primarily a dy.sfunetion or defect of the anteromedial cusp of the 
valve. Contraction of the papillary masolcs synchronous with ventricular coii- 
traetion diuws the chordae tendineae taut and prevents the valve leaflets from 
beeoming inverted or displaced backward into the auricle. 

In liieuniatic disen.se the mitral valve develops numerous minute eauliflower- 
liko vegolalions (1 to 2 mm. diameter) in a row along the lino of closure of the 
valve. Healing leads to the formation of scar tissue. AVith repented infection 
and healing there is gradual development of fibrosis, thickening, narrowing, and 
shortening of the aiiical one- to thiee-<iiiartcis of the mitral cone. The apical 
end becomes fixed in the infolded or flattened position, so that the “conmiis- 
suras” become an anatomic rcalit.v. Since the fibrosis and fixation of tlie orifice 
take place during constant heart motion, the orifice a-ssumes a slightly oval 
shape. Thus, in a well-ileveloped stenotic lesion the valve is wduced to a rigid 
slit in n fibrotie plnqne. There is then marked resistance to the passage of hlood 
from the left auricle into the loft ventricle. There is also, inemtably, some degree 
of regurgitation of blood into the left nuiiclc through the rigid slit during ven¬ 
tricular systole. 

When this regurgitation is minimal, such a lesion is considered to be one of 
“pure” mitral stenosis. Such a “])ure” lesion markedly interferes with left 
ventricular fUling and thus with .systemic cardiac output. Many such hearts are 
unable to increase their outinit over and above the lesting bodily requirements. 
It is easy to undciTflaiid why such hearts cannot perform any appreciable amount 
of work, and why pntient.s ivith such hearts become dizzy and faint upon exertion. 

Concurrently, since the egress of blood from the left auricle is impaired, 
increased pressure wdthin and great dilatatiou of tliii chamber i-osults. The liigh 
intra-aurieular pressure is trunsmittwl to tlie entire pulmonarj- vascular system 
and thence to the right ventricle. A chronic pulmonaiy hypertension ensues, 
with eventual rupture of pulmonaiy capillaries (hemoptysis), pulmonary edema 
(dyspnea), and right heart failure (enlarged liver, ascites, and peripheral edema). 
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SURGICAL CONSIDERATIONS 

The possible surgical approaches to the problem of mitral stenosis seem to 
take one of the following three eoui’ses; 

1. Methods of by-passing the stenotic mitral valve 

2. Methods of relieving the associated pulmonary hypertension 

3. Methods of direct surgical attack upon the stenotic valve 

Methods of By-passing the Stenotic Mitral Valve .—To our knowledge very 
little has been attempted or accomplished along the lines of by-passing the mitral 
valve. Jegert suggested in 1913 that a valved vein might be grafted to serve as 
an anastomosis between the pulmonary vein and the left ventricle, and thereby 
adequately sidetrack the stenotic mitral valve. Litwak,'* working in our labora¬ 
tory, has been able to produce such a by-pa.ss by anastomosing a pulmonary 
vein directly to the left ventricle, utilizing a free graft of azygos, hemiazygos, 
or femoral vein. This was accomplished in five dogs with function observed for 
sevex’al days, but all became thrombosed within two weeks to one month (Fig. 1). 


Fig:. 1.—Azygos vein graft from inferior pulmonary vein (below) to Uie lateral wall of the left 
ventricle (above) produced In tlie experimental animal. 



Satinskj’’,® also in our laboratory, attempted quite a different type of by-pass. 
He divided the subclavian arteiy in dogs and anastomosed the distal end of this 
vessel to a pulmonaiy vein. Similar anastomoses of the pulmonarj’- vein to the 
splenic artery and aorta were also attempted. These operations were deleterious 
to normal dogs, causing death, but conceivably might be of some value were the 
conditions of clinical mitral stenosis present. 
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Methods of Iiclievi)uj the Associated Fuhnonanj llyperiension .—Various 
methods liave been devised to relieve the associated pulmouarj' liyperteiisiou 
whieli aecompunics mitnd stenosis: 

(1) Harken* lias suggested that a measure of improvement may be afforded 
by removal of the eardiae accelerator and afferant nen'es to the heart. Relief 
so obtained Ls through the production of a slower heart rate, thereby increasing 
ventricular filling time, or by the interruption of pain fibers. He has oliserved 
symptomatic relief in a luitient so treated, but suggests that such an approach 
can obvioiLsly only bo one of palliation. We have had no c-vpenenco with this 
form of treatment. 

(2) Attempts have liccn made to dratroy the function of tlio tricuspid valve 
with the production of tricuspid regurgitation to prevent ease- ncce.ss of blood 
into the right ventricle and lower its pulmonarv output.' In our opinion such 
an approach has little to lecommcnd it. 

(3) The produetion of a communicating shunt between the pulmonary and 
.sjutemie venous s.vstcms, thus affonling a measure of ralief to the hypertension 
within the left auricle, has some merit. An anastomo.sLs between the azygos and 
pulmonnty veins has liecn accomplLshed by Sweet* with subjective lelief of dis¬ 
tressing pulmonarj- s.vmptoiiLs. 

(4) Both Harken* and our group have produced intcrauricular septal dc- 
feet.s to relievo the pulmonary hypcrtcasion of mitral stenosis. Such a venous 
shunt will reduce the hypertoasion aud .strain ufithin the left auridlo and, 
secondarily, the mcsociuted hypertension thraughout the pulmonarj’ vascular lied. 
Bing‘“ and our laboratory have obtained pressura leadings within the pulmonary 
artery in certam cases of mitral stenosis which were higher than that tvithln the 
aorta (120+ mm. Hg). Theoretically, a venoms shunt sliould relieve strain on the 
entira lesser circulation, and one would anticipate relief of such sjuiiptoms as 
hemoptysis and acute attacks of pulmonary edema. It is probable that such an 
effect is accomiilished to a degree. 

Unfortunately, reduction of the left intra-auricular piessure without en¬ 
largement of the mitral orifice I'esults in a destruction of tho compensatoiy 
mechanism which nature has set up to force blood through the noiTowed mitral 
valve. AVith tho produetion of smeh a shunt, the left ventricular output falls. 
Tho amount of fall is related to the relative sizes of the shunt orifice and the 
mitral orifice. ObWously, no case can witlistand a shunt if the cardiac output 
during exercise does not materially increase over the resting requirements. By 
the same token, it is essential even in those who can so increase their output, 
tliat this should not be cut below the level of i-esting requirements. Since most 
clinical cases can do no more tlian double their resting output, it follows that 
one should not produce an opening oven as large as the stenotic mitral orifice 
unless it is planued to render the patient totally bedfast 

It has been repeatedly stated that Nature, herself, has produced a similar 
combination of defects in the fonn of Luterabacher’s syndrome. Indeed, the 
syndrome does embrace both a mitral stenosis and a large auricular septal defect. 
In this mstance it must be remembered that compensation has been established 
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over many years by gradual changes in the heart and by a great increase in the 
total blood volume. These patients are said to do well, or at least somewhat bet¬ 
ter than do cases of “pure” mitral stenosis. Taussig,“ with reference to this 
syndrome, stated that, “The blood so shunted [through the auricular septal 
defect] passes into the right ventricle and thence is pumped out through the 
pulmonary arteiy to the lungs and is again returned bj" the pulmonary veins to 
the left aiu’icle. Thus an excessive amoiuit of blood is pmnped around and 
around the lesser circulation; whereas the left ventricle, aorta, and systemic 
circulation receive less than their normal quota of blood. The right auricle and 
ventricle are enlarged. The pidmonaiy artery is usually twice the size of the 
aorta. The strain on the left auricle is relieved by the defect in the anricular 
septum. Therefore, the left auricle is not enlarged. The left ventricle is small. ’ ’ 
Thus, for a time the stram on the left auricle and pulmonaiy vascular bed may 
be somewhat relieved, but only at the expense of producing a similar strain on 
the right ventricle, a condition equally serious. Again quoting Taussig,” “The 



Pig. 2.—Lutembacher syndrome showing enormous dilatation of the pulmonary arterj-. 
Anteroposterior and right anterior-oblique positions. (From Taussig: Congenital Malforma¬ 
tions of the Heart. Commonwealth Fund.) 

late development of cardiac difficulties [in Lutembacher’s syndrome] occa¬ 
sionally occuis after a relatively minor illness. For example, a patient who has 
never been knoAvn to have any cardiac abnormality, after some slight illness may 
suddenly develop sjuiiptoms which lead to progressive heart failure.” (See 
Figs. 2 and 3.) It would seem that anj^ condition which caused such great pul¬ 
monary arterial and right ventiicular enlargement can scarcely be considered 
desirable. Actually this defect terminates fatally at the average age of 40 years 
—slight, if any, improvement over longevity in uncomplicated mitral stenosis. 

Indeed, the production of a venous shunt for mitral stenosis seems somewhat 
comparable to the production of an arterial shunt (systemic arteiy to pulmonary 
arteiy) for the treatment of congenital puhnonarj^ stenosis. The production of 
an artificial ductus arteriosus is lifesaving in cases of severe pulmonary stenosis. 
However, too large a shunt is promptly fatal, and any arterial shunt increases 
the load on the myocardium, leading to eventual cardiac enlargement. Helpful 
as these shunts have been, if a method of direct and successful attack upon the 
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pulmonary steuoaLs were to liceomo available, wo have no doulit that all coucemed 
would promptly omhraeo the moi-e direct procedure. It would then bo ncces- 
saiy, although perhaps not jiraeticable, to recall these cases lor the perfomauce 
of direct valvular surgerj- and subsciiuent division of the artificially produced 
“patent ductus arteriosus." So, too, with the venous slmut. If such shunts aw 
created to save life in the face of demonstrably superior direct valvular attack, 
wo will soon be faced with the problem of repairing those shunts. 




Flff. 3.—(A) Lutembacher syndromo with UUuteil pulmonary artary and (5) normal heart, 
adult, (From Tauaalg: Congenital Mulfomtatlona of the Heart, Commonwealth Fund,) 

Methods of Direct Surgical Attack Upon the Stenotic Valve .—Direct attack 
uixm the mitral valve undoubtedly bus been contemplated for many decades. It 
was proposed by Sir Lauder Brnuton’ in 1902. Being a physician and not a 
surgeon, ho had to be content with suggesting that the only proper and logical 
approach to the problem of mitral stenosis was to “lengthen the slit.” How 
soimd his judgment was wiU become evident .shortly. 

Since the flrst section of the mitral ring by Cutler'’ in 1923, there have been 
a number of direct attacks upon the stenotic mitral valve. The approach and the 
methods employed have varied. Thus, the left auricular apiieudage as a site of 
entrance has been utilised by AUen and Graham, 1922"; Souttar, 1925"; the 
authors, 1945; Smithy, lOIS'"; and Harken, 1948“; the left ventricle by Cutler, 
Levine, and Beck, 1924'°; Pribram, 1926"; Smithy, 1948’“; and through the left 
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pnlmonary vein by Harken, 1948.® It is our considered opinion that the approach 
through the auricular appendage is far superior to any other. It leads directly 
into the wide opening of the mitral funnel and thence to its stenotic orifice. 
There are no chordae tendineae to interfere with the passage of the instrument 
or finger. In addition, no serious disturbance of cardiac rhythm or function is 
produced. The finger or instrument is well tolerated in the roomy left auricle, 
unless the actual passage of blood into the ventricle is obstructed for moi’e than 
three beats. In addition, the appendage may be readily and securely ligated at 
completion of the operation. 

On the other hand, the left ventricular approach is obstnicted by chordae 
tendineae and does not insure ready or accurate localization of the small open¬ 
ing of the mitral funnel. Such an approach may provoke a serious arrhythmia, 
does not permit digital insertion or palpation, and may be difficult to close 
securely. 

Approach through a pulmonaiy vein is less desirable than the auricular 
route, but may be an improvement over the ventricular method provided the 
vein is not so damaged as to require ligation. 

Methods of dealing surgically Avith the valve have included (1) simple 
incision of a valve cusp, (2) excision of a portion of the mitral ring, (3) digital 
dilatation of the stenotic orifice, (4) vahmloplasty, and (5) commissurotomy. 

Simple incision of a mitral valve cusp has a veiy deleterious effect upon the 
experimental animal. If the anteromedial or “aortic” cusp of the mitral valve 
is completely divided, death is prompt and almost immediate. If the posterior 
cusp is completely divided, death is usual Avithiu tAventy-foui- hours. While 
Cutler’s first patient lived four and one-half years after simple incision, it ap¬ 
pears that he did not completely divide the cusp. Dogs, too, aaoII tolerate lesser 
degrees of vaHe section. One of the objections to simple incision of the ring is 
the possibility of healing at the site of the incision. It seems improbable that 
such healing Avould occur if the valve ring Avere Avidely incised, since the edges 
Avould then gape Avidely during most of the cardiac cycle. On the other hand, if 
the incision extended only partially through the scar tissue, it could not gape 
and veiy probably healing and further cicatrix Avould occur. Of three such 
cases reported by Cutler, Levine, and Beck,^" tAvo died shortly after .surgezy. Con¬ 
tained in this report are tAA^o additional cases, both of Avhom died from severe 
regurgitation (Cases 8 and 9). 

Simple excision of the valve ring Avas practiced by Cutler and Levine, 1923^®; 
and Cutler, LeAune, and Beck^®; also by Pribram, and later by Smithy. Since it 
Avas felt that the only hope in mitral stenosis Avas to replace it by a regurgitant 
type of lesion, partial excision of the Amlve orifice seemed to be a logical pro¬ 
cedure. We are unequivocally opposed to this concept, since experimentally and 
clinically it has been demonstrated that a suddenly produced mitral regurgitation 
is poorly tolerated and is as serious a lesion as the original stenosis. Bitter 
experience in tAA'o of the cases presented makes us adamant on this point (Cases 
8 and 9). 
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Results by tills fomi of treiitment have liceu discoui'aguig iu the past. Thus, 
four patients so trcatwl by Cutler, Levine, anil Beek'“ and one by Pribram, all 
died within six days after operation. Smithy reported five living patients out 
of seven .such operations in June, 1948. Tlis better results may bo attributed 
partially to advanees iu anesthesia and surgerj- since the work of the 1920'a. 
More pertinent, however, is the fact that by design he excised relatively small 
pieces of valve tissue. Time will supiily tho answer ns to how well bis patients 
will carrj- on with their admitted regurgitation. 

Diyital diUdaiion of the stenotic valve was first practiced by Soultar in 1925 
with sueee.ss in one case. tVe have since performed three .such dilatations with 
one sueccss, Tho first of these was jicrformcd on Juno 12, 1946. A very hard, 
calcified valve slit in a pinetically moribund woman was dilated with marked 
temporarj" improvement. Heath within three days was disclosed at autopsy to 
bo duo to clotting at the torn comniissui'cs. It was evident that the valve had 
tom at tho line of the commissures sullicicntly to establish some temporary valve 
fmiction. Thromliosis had quickly re established or increased the stenosis, caus¬ 
ing death. At post-mortem examination the idea of cutting tho commissures 
well into normal valvular ti.ssue under direct digital guidance or “vision” was 
born (Ca-so 2). Since that time wc have hud to resort to simple digital dilatation 
in two additional ca.scs, with one sueee.ss (Cases 12 and 13). IVe arc well aware 
from studies upon stenotic mitral valves incidentally found at autopsy that 
simple digital dilatation does not alwoys result in tearing the fused flbrotie com¬ 
missures. Tho ring tears at its weakest imint, which may well be across a cusp. 
Even when the tearing docs occur at the commissures, one finger is seldom lai-go 
enough to force the tearing to extend beyond the filnotie tissue into normal valve 
structure. However, this early ease of dilatation did lesult in what we then con¬ 
sidered to 1)0 an entirely now concept of treatment. AVo now believe that Sir 
Lauder Bruntoii had much the same idea. 

Harken'* used the term valvuloplasty to describe his procedure of resection 
of portions of the valve ring at the comnussures. He is still of the opinion that 
relief of stenosis is by the production of rcgui'gitation. He rightly recognized 
that resection will best be tolerated if porfonned at the commissures, assuming 
that resection with regurgitation ii the desired result. Two such operations have 
been porfonned. In one the pressure iu the loft auricle was 450 mm. water, but 
rose above the leadings of a 500 mm. manometer after valvuloplasty of this type. 
Thij wus attributed to a coincident tachycardia. The patient died in pulmonarj' 
edema twenty-four hours later. In the other patient, left auricular pressure 
dropped from 450 mm. water to 400 mm. during the procedure. He was im¬ 
proved subjectively. Localization of the commissures was accomplished by pal¬ 
pating the valve with tlie valvulotome inserted through the auricular appendage. 

Commissurotomy is a term suggested to us by Hr. Thomas Hurant of Plula- 
delphia to designate the procedure which we have employed to re-establish a 
marked degree of normal mitral valve function.’* Our present operative tech¬ 
nique is simplified and direct. With the patient in the supine position, the left 
arm over the head, an incision is made over the left third rib or in the infra- 
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mammaiy fold. The tliird rib is removed, ineluding the costal cartilage. The 
cartilages of ribs 2 and 4 may be divided. The pleura is opened through the 
incised rib bed. The lung is permitted to collapse. The pencardium is incised 
longitudinally, one-half inch anterior to the phrenic nerve, for three inches. 
Care must be taken not to extend the incision too far toward the apex, lest the 
heart have a tendency to herniate from its sac. The huge distended auricular 
appendage then protrudes (Fig. 4). After spraying 2 per cent procaine into 
the pericardial sae, it is injected under the epieardium, encircling the base of the 
auricular appendage (at the suggestion of SmithjO- A piu'se-string suture of 
heavy braided silk on an atraumatic needle is passed about the appendage 
thi’ough this injected area. A Satiii-sk^' clamp-® is then closed over the base of 
the appendage and a generous portion of its tip is amputated (Fig. 5). This 
piece seiwes for heart muscle biopsy. All intra-appendageal trabeculae that 
might interfere with insei-tion of the finger are diAuded. Two gloves are worn 
on the right hand. An opening is made in the outer one on the pahnar surface 
at the base of the index finger, and another at the tip. The blade of the com¬ 
missurotomy knife is inserted between the gloves (Fig. 6), on the index finger, 
and the finger is inserted into the left auricle as tlie damp is released (Fig. 7). 
The finger is well tolerated by the auricle and causes no disturbance unless the 
miti'al opening is actually obstnicted by the finger tip for several beats. The 
valve is easily located, and is explored. Its structure is estimated, and the size 
of the opening and the location of the commissures are detennined. The knife 
is then protruded through the orifice and the hook is engaged upon the antero¬ 
lateral commissure (Figs. 8 and 9). A backward stroke divides the commissure, 
usually adequately the first tune. The finger again palpates the opening and 
gently dilates it. Sometimes there are remaining fibrous strands which require 
either digital separation or actual division with the knife. If the cut in the com¬ 
missure does not extend well mto normal tissue it is repeated. In cases which 
have a rather soft valve orifice markedly diminished in cx’oss-sectional area, 
simple opening of the lateral commissure is, in our opinion, sufficient. On the 
other hand, with a rigid, fixed, and sometimes calcified valve, incision of only 
one commissure Avould undoubtedly be Inadequate. 

We are indebted to Harken for a practical point brought to our attention 
recently with regard to the execution of our next maneuver. Prior to this sug¬ 
gestion, we had been using a metal sheath on the finger to permit changing from 
a left cutting to a right cutting knife and thus facilitate the division of both 
commissures. It was necessaiy by this former method markedly to supinate the 
vwist to incise properly the posteromedial commissure, and even then we had 
failed to cut tliis eonunissure properly in two cases. As a resTilt, both of these 
patients died of severe I'egurgitation because the incision had been canned across 
the cusp slightly anterior to the medial commissure and into the so-called “aortic 
baffie’'—the wall of the intraventricular portion of the aorta. One of these 
patients died Avitliin twenty-four hours, the other within three months. Autopsy 
disclosed the condition in both patients. There was no sign of healing of the 
incision in the longer surviving patient. Harken pointed out that by simply 
pronating the wiost the left cutting knife could be used for both commissures and 
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Fiff. .I.—DUtended auricular appendaco protruding through Inclaod pericardium. 

Fig. 6.—Purse-itrlng suture has been placed about the base of auricular appendage and 
temporary clamp applied 
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Pig. 6.—Coniniissurotoniy knife inserted bctrx'een bvo gloves on the palmar surface of the 

right index finger. 



pij, 7_Right Index finger and commissurotomy knife inserted through opening In left auricular 

■ appendage. Note handle of knife at upper center. 
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tho cut on the medial side could be directed more posteriorly. Such a tech¬ 
nique removes the necessity for tho sheath with its c-xtra hulk and the increased 
regurgitant blood loss wliich occurs between knife and sheath. 



Kip. 8.—Tip of Index finger at alenotio niltrul orlflco with Jiooked knife blodo applied to antero- 

Intcml commissure. 



KXgr. 9.—Dlairammatlc representation depleting position of commUaurotomjr knife Incising 
anterolateral commissure well into normal valvo tissue. 


We now, therefore, reinsert tho knife through the orifice by simply pronat- 
ing the hand, bringing the blade into apposition ^\•ith the posteromedial com¬ 
missure, which is then divided. In order to handle cases 'vith a very hard or 
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calcified valve, we have prepared a special narrow-bladed bacinvard-cutting 
punch (Fig. 10). This has a long bite so that it, too, mil cut completely through 
the diseased tissue and into tlie flexible membranous valve. Thus we still obtain 
practically the same effect as by simple incision of the commissures but mthout 
the advantage of digital guidance. It is sometimes difficult accurately to deline¬ 
ate the commissures even b}^ digital palpation. Blind palpation mth an instini- 
ment inserted through the cardiac wall seems dreadfully inaccurate and inade¬ 
quate. Perhaps some method of direct vision mthin the heart woidd be more 
advantageous. Allen and Graham-* have devised a cardioscope mth which the 
valvo can be visualized with some accuracy. We have not had the advantage of 
this instrument. Until such an instrument becomes readily available and is of 
proved value, simple digital '‘vision” seems practical and adequate. 

Having inserted the finger once more through the enlarged opening to make 
sure of its mobility and function, the finger and knife are deftly mthdrawn from 
the auricle. The prertously placed purse-string suture is draivn tight, prevent¬ 
ing more than a few cubic centimeters blood loss. The suture is tied, and the 
cut edge of the appendage is overse^vn (Fig. 11). There should be no disturb¬ 
ance of the systemic circulation and no irregularities througliout the procedure. 
The pericardium is left open and the pleura is drained. The chest wall is closed 
in layei’s. 

Postoperatively, the patient may experience considerable pain for three to 
four days from the “chemical” pericarditis produced by manipulation. This is 
controlled by opiates. Ambulation is permitted within two to five daj's. 

A word concerning the anesthetic methods employed may be in order at this 
point. The suggestions of Dr. Kenneth K. Keown, Avorked out in the depart¬ 
ments of Dr. Frank Sena at the Episcopal Hospital and Dr. Henry S. Euth at 
Halmemann Hospital, have been folloAA'ed. Preoperative medication has con¬ 
sisted of nembutal or Seconal, gr. iy 2 , sixty to ninety minutes prior to the 
scheduled surgery; demerol, 75 to 150 mg., giA^en thirty minutes later; and 
atropine sulfate, gr. 1/100 to 1/200, thirty minutes before induction. Intra¬ 
venous procaine HCl in 0.2 per cent solution is begun fifteen minntes before 
sodium pentothal-curare induction. Oral intubation is cai’ried out Avith this 
pieparation, and procaine intravenous solution continued throughout the opera¬ 
tion at the rate of 1 Gm. per hour for analgesia Avith additional sodiimi pentothal 
for hjimosis. High concentrations of oxj'^gen are employed throughout. Nitrous 
oxide-oxygen (50%, 50%) for additional analgesia may be neeessaiy. On this 
regime the patient is usually awake at the completion of surgery. 

It is our pi-esent belief that commissurotomy by such a technique is a simple, 
relatively safe, direct method of re-establishing a normal type of valve function. 
It has the great adA-antage of direct digital guidance. It should not, and has 
not, in any of our four successful eases, produce any detectable amount of mitral 
regurgitation. Blood loss is minimal and no apparent distiu-bance to heart 
function results. That it effectively accomplishes the desired result is shoA\m not 
only by the marked clmical improvement in all living patients, but also by 
objective physiologic studies. Thus, in a recent case (studied AAath the aid of 
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llio Lilly electronic innnoincter) the prcssuius within the loft auricle taken at 
the linio of surgerj’ fell from 4r).2/30..‘l mm. Ilg ((>10/409 mm. H-.O) to 14.5/2.G 
min. Hj; (195/39 mm. ILO) fifteen minutea Inter (after comnii.sauiotomy). This 
interval hud not heon ninvked hy Ulootl loss (30 e.e.), eardiae arrhythmia, nor 



Ftg. 1,0.—Nurrow-blaUeO conunitfaurDtoniy punch with troenr and cannula. 



Pl(- 11 ,_Auricular appendage llgatcsl at baac and ovoraewn at tip after commltaurotoniy. 
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calcified valve, Ave have prepared a special narroAV-bladed backAvard-eutting 
punch (Fig. 10). This has a long bite so that it, too, Avill cut completely through 
the diseased tissue and into the flexible membranous valve. Thus Ave still obtain 
practically the same effect as by simple incision of the commissures but Avithout 
the advantage of digital guidance. It is sometimes difficult accurately to deline¬ 
ate the commissures even by digital palpation. Blind palpation Avith an instini- 
ment inserted thx’ough the cardiac Aimll seems dreadfully inaccurate and inade¬ 
quate. Perhaps some method of direct vision Avithin the heart Avould be more 
advantageous. Allen and Graham-* have devised a cardioseope Avith Avhich the 
valve can be visualized Avith some aecurac}'. We have not had the advantage of 
this instrument. Until such an instrument becomes readily aAmilable and is of 
proved value, sunple digital “vision” seems practical and adequate. 

HaAong inserted the finger once more through the enlarged opening to make 
sure of its mobility and function, the finger and knife are deftly AAdthdraAvn from 
the auricle. The previously placed pui'se-string suture is draAvn tight, prevent¬ 
ing more than a feAv cubic centimeters blood loss. The suture is tied, and the 
cut edge of the appendage is overscAvn (Fig. 11). There .should be no disturb¬ 
ance of the systemic circulation and no irregularities throughout the procedure. 
The pericardium is left open and the pleui’a is drained. The chest Avail is closed 
in layers. 

Postoperatively, the patient may experience considerable pain for three to 
four days from the “chemical” pericarditis produced bj^ manipulation. This is 
controlled by opiates. Ambulation is permitted Avithm two to five days. 

A Avord concerning the anesthetic methods employed may be in order at this 
point. The suggestions of Dr. Kenneth K. KeoAvn, Avorked out m the depart¬ 
ments of Dr. Prank Sena at the Episcopal Hospital and Dr. Henry S. Ruth at 
Hahnemann Hospital, have been folloAved. Preoperative medication has con¬ 
sisted of nembutal or Seconal, gi-. lYo, sixty to ninety minutes prior to the 
scheduled surgeiy; demerol, 75 to 150 mg., given thirty minutes later; and 
atropine sulfate, gr. 1/100 to 1/200, thirty minutes before induction. Intra¬ 
venous procaine HCl in 0.2 per cent solution is begun fifteen minutes before 
sodium pentothal-eurare induction. Oral intubation is carried out Avith this 
preparation, and procaine intravenous solution continued throughout the opera¬ 
tion at the rate of 1 Gm. per hour for analgesia Avith additional sodium pentothal 
for hypnosis. High concentrations of oxygen are employed throughout. Nitrous 
oxide-oxygen (50%, 50%) for additional analgesia may be necessaiy. On this 
regime the patient is usually awake at the completion of surgery. 

It is our present belief that commissurotomy by such a technique is a simple, 
relatively safe, direct method of re-establishing a normal tjqpe of valve fimetion. 
It has the great advantage of direct digital guidance. It should not, and has 
not, in any of our four successfid cases, produce any detectable amount of mitral 
regurgitation. Blood loss is minimal and no apparent disturbance to heart 
function results. That it effectively accomplishes the desired result is shoAvn not 
only by the marked clinical improvement in all liAung patients, but also by 
objective physiologic studies. Thus, in a recent case (studied AAuth tlie aid of 
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fever at the ago of 10 yearn, two previouH ipiind iiml seizures, nud alcoholism. There ^\'ere 
two previous hospital ndmisaions—May 2:i, H)4:t, and Aug. 19, 1044—for cardiuo decom¬ 
pensation. At this admiHslou ho eonqdaincd of weakness, fjitigue, repeated attacks of 
hemoptysis, and dysj)ueu, with precordiul and epigastric pain. Physical examination re- 
vealml marked cardiac enlurgeniont, apex heat in the sixth interspace anterior axillary 
line, totally irregular pulso rate of 110 with pulse deticit; at the apex, a diastolic murmur 
ending in a slapping llrsl sound was heard, P, and Aj were increased in intoneity. There 
was auricular Jlbrillution, no precordinl thrill, anti blood pressure was 100/64. Dosage of 
digitalis ^va.s nmdjus(e<l as tlic patient had not followed hla digitalimtion program fuitJifully. 

Itoutino lahonitory studies were within norniul range. Teloroontgcnogronis revealed 
marked enlargement to the right, modemte to the left, with marked indentation of the 
esophagus by the loft auricle seen on lateral views. Phest x-ray examination for lung fields 
revealed chronic thickening of the root shadows bat no extension beyond the hilar rone. 
Kleclrocardiograms conllrnicd the cHidetil finding of auricular fibrillation with myocardial 
degeneration. Venous pressure.H were slightly elevated, circulation time incroa>>ed, espe¬ 
cially arm to tongue; oierciso tolerance diminished. 

Ou Sopt. L*4, llM.7, intercostal uervo block of the left first to fourth thoracic ganglia 
was perforJiietl with 1 iK*r cent pr<s'aine and repealed with absolute alcohol after demon- 
stmliou of some relief of anterior chest wall pain. 

After eonsidenible rest and care designed to im)>rt)ve his general condition, tJio 
patient was placetl on primpenitlvo |K*ulcilliii and cpiinidine (to reduce cardiac irritability). 
On Nov. 14, 1U4/5, mitnil valve eiplomtioii was attempted under cyclopropane, oxygen, 
and ethor endotracheal uneslbc-slu. (’oiDel<leni with the placing of purse-string sutures 
in the exiromoly friable auricular nppendngo, uncontrollnblo hconorrhngo resulted and tho 
patient dicsl on (lio table despite all Attempts to obtain hemostasis. 

C.tKK 2.—W. S,, a wlilto woman, aged 29 years, was mlmitted to Hahnemann Hospital, 
^fuy 4, 194G, with the diugciosis of rheumatic heart discose with mitral stenosU. There 
WOA a iilatory of scarlet fever and acute rhcuumtic fever at tlvo age of 7 years. Since that 
time there had l^eeii mauy transieut attacks of malaise and joint pains. In 1935, there 
was an onset of nnklo and gcnorallied edema. In 19.39, congestive failure again developed 
during pregoiancy. TJicrai>eutic abortions were done in 1941 and 1044. She had been on 
and olT digitalis therapy since 1035. On admission prior to surgery, tho patient had a 
temix'raturo elevation to 101* F., sore tUrotit, and auaj>ca. Riles were present in l>otli lungs, 
ns wen? etlcmu of thighs, logs, and ankles, with ascites, liver edge felt 7 cm. below costal 
margin, and marked venous engorgement. Tlie heart uns regular in force, rate, and rhythm; 
pulbo 02, hlockl prcMsuro, lOO/SO. It was enlarged both to tJio right and the left; a diastolic 
murmur mis present ut the apex, P, was accentuated. TclcroontgrnogramB indicated moat 
marked enlargemont of the right heart border and to a Icseer extent tUo left ventricle. The 
left auricle bulged into tho esophagus. Routine labomtory fctudice were not unusual except 
for albumin In tho urine. Electrocardiographic (niclugs showed a sinus rhythm with marked 
right axis deviation, deformed P wave* in all lends, T waves fiat in lead one, P-R interval 
.2 seconds, 

Tho patient was given digitalis treatment, diurotics, analgesics, quinidlne, vitamin 
K, and ponicilllii. There ^^ls marked improvement during the ensuing weeks. Immediately 
prior to surgery examination of the heart revealed a liarsh preeystolic mitral mnrmur with 
a ahaq) mitral first sound, a soft short systolic blow, P, greater than A„ rate and rhythm 
regular. Exercise tolerance had improved but waa not normal; circulation times and 
venous pressures hud returned to normal. The patient was operated on June 12, 1040, and 
tho mitral valve dilated manually. OrigimUly a special backward-cutting punch had been 
Inserted, but the mitral orifice could not be located with this instrument. Tho valve orifice 
was felt to split at both angles. Immediately following this maneuver the blood pressure 
rose to 130/80 and her general condition and circulation greatly improved. After reacting 
from nncatheala a grade 2 ayotolic blowing murmur was heard with u alight diastolic 
component. There was no accentuation of P,. A biphasic friction rub was heard. Blood 
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pressure was 114/76, pulse 100, temperature 100.4® F. Improvement continued for forty-eight 
hours, when the patient went into sudden collapse, no pressure or pulse obtainable. There 
was marked dyspnea, heart sounds distant, moist rales throughout lungs, liver edge again 
down to the preoperative level. Therapeutic measures included pleural aspiration of 150 
c.c. bloody serum, positive pressure oxygen mask, innumerable cardiac stimulants, but were 
of no avail. The patient died at 10:45 p.m., June 14, 1946. 

Autopsy Findings .— 

Heart: No antemortem thrombi in either the pulmonary artery or the left arterial 
appendage were found. There was dilatation of the right atrium, marked hypertrophy, 
and dilatation of the right ventricle, the right ventricular wall measuring 7 mm. in thick¬ 
ness; hypertrophy and dilatation of the left atrium, small-sized left ventricle. There was 
marked stenosis with calcification of the mitral ring, the ring admitting only the tip of 
one finger. At the commissures there was clotting and thrombosis in small slits which had 
been made by surgical finger dilatation. The remainder of the heart valves were relatively 
normal. 

It was during this examination that the idea of more accurate incision of the com¬ 
missures under direct palpation was formulated. 

Case 3.— W. W., a white man, aged 39 years, was admitted for the seventh time to The 
Memorial Hospital, Wilmington, Del., this time with the diagnosis of rheumatic heart 
disease with mitral stenosis. His previous admissions had been occasioned by repeated 
bouts of hemoptysis regarded to be on the basis of bronchiectasis. On these previous 
occasions he had had a variety of symptoms in addition to hemoptysis, such as fever, 
malaise, and chest pain, and chest x-ray examination had revealed transient areas of 
pneumonitis. Repeated bronchograms had shown cylindrical bronchiectasis of the medial 
basal division of the right lower lobe, which segment had been removed surgically on 
April 28, 1947. At the age of 14 years he had suffered an attack of acute rheumatic fever. 

Examination of the heart at the time of this final admission revealed the presence of 
a grade 3 systolic murmur with a low-pitched rumbling diastolic murmur heard at the 
apex. The heart was compensated, electrocardiogram was normal except for sinus tachy¬ 
cardia, chest x-ray views revealed a mitral configuration; all other studies were within 
normal range. 

Operation was performed on March 22, 1948, and was the first attempt at planned 
incisional commissurotomy in our hands. The right index finger was inserted through the 
left auricular appendage, and the mitral valve explored. A large fungus-like mass, roughly 
1.5 cm. square, arose from the posteromedial commissure. This protruded into the mitral 
orifice, making it impossible to incise this commissure. The anterolateral commissure was 
partially cut and dilated by using an ordinary surgical scalpel on the index finger. This 
instrument was most unsatisfactory and necessitated a sawing motion at the commissure 
as it slid over the fibrotic angle. A cut of % inch was thought to have been made, plus 
vigorous dilatation of the valve ring. The necessity for a better cutting instrument 
obviously resulted from this experience and has led to the development of our present 
knife (Fig. 6). 

Postoperatively the patient was heparinized, it being reasoned that this procedure 
might prevent the clotting or thrombosis which had occurred in Case 2. This proved to be 
disastrous, for excessive oozing ensued, requiring repeated pleural aspirations in addition 
to the usual intercostal drainage catheter. In addition, coincident with the administration 
of heparin, excessive amounts of fluids were given. The combination of an inadequately 
performed commissurotomy (autopsy finding), heparin, and an overloaded circulation 
produced heart failure, terminal pulmonary edema, and death six days after surgery. 

C,\SE 4.—J. R-, a wliite man, aged 29 years, was admitted to the Philadelphia General 
Hospital in May, 1948, with a diagnosis of advanced rheumatic heart disease. Acute rheu¬ 
matic fever had developed at the age of 12 years. He was apparently well until May, 1947 
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(diagnoaia of mitral Btenosia made in the Army in 1043)^ when ho became dyapnelc and 
edematous. Digitalis nnd mercurial diuretics relieved his distress. There had been /our 
subsequent hospital odmiaaions for cardiac failure despite continuous digitallxation. Thora- 
centoiis at limo of last admission yielded 1^00 c.c. Examination upon this fiunl admission 
revealed mild orthopnea without cyanosis, basal riles in both lung fields, and enlargement 
of the liver to 19 cm. below the costal margin in the midline. There was no ascites or 
peripheral edema. Cardiac examination indicated generalized enlargement but a regular, 
although rapid, rate of 104. A grade 3+ ayatolic and low-pitched rumbling diastolic mur¬ 
mur was heard at the apex. Pj was greatly accontuated. 

Electrocardiographic tracings and cardiac x-ray pictures conilnned the advanced 
stage of this patient's heart disease. Venous pressures varied from 115 to 340 mm. of 
water over a three-week period; circulation times showed groat delay from arm to tongue. 
Balllstocardlographio studies were unsatisfactoiy*. 

Burger)' was attempted on ifay 21, 1918, although he was an extremely poor candidate. 
After incision of the pericardium, iho slightest touch of the heart surface produced runs 
of premature contractions. Despite all known forms of medication, his cardiac hyper* 
irritability increased, ventricular fibrillation dovoloped, and death promptly ensued before 
intrncardiac manipulation of the mitral valve could 1 k> attempted. 

Case 5.—0. W., a white woman, aged 24 years, was admitted to the Episcopal Hospital 
on May 13, 1048, with a diagnosis of rheumatic heart disease with mitral stenosis. Acute 
rheumatic fever had occurred at the age of 7 years, witli no recurrences. Her condition 
was asymptomatic until 1046, although the presence of a heart murmnr had been confirmed 
repeatedly before this time. In 1946 slowly progressive dyspnea developed, with Increas* 
ingly frequent attacks of hemoptysis. Her family physician made tho diagnosis of mitral 
stenosis, Ono attack of cardiac decompensation oeenrred, treated by digitalisation and 
restricted activity. Despite this regime, dyspnea increased, she was unable to perform 
her houjowork or caro for her child. On admission examination was relatively normal 
except for her heart, which was markedly enlarged, particularly the left auricle. There 
was normal sinus rhythm, a loud, rasping diastolic murmur at the apex, pulse 120, blood 
pressure 110/72, These findings were confirmed by x-ray examination and fluoroscopy of 
the heart and electrocardiogram. Routine laboratory studies were within normal limits, 
venous pressure 110 mm. of water, circulation time arm to lung 12 seconds, arm to tongue 
20 seconds. She responded normally to the usual exercise tolerance testa, Ballistocardlo* 
graphic studies indicated a resting cardiac output of 4J18 liters, which could be increased 
to 9 liters on exercise. 

This patient was considered to be by far the best candidate for surgery whom we 
had seen to date. Preoperatively she was digitalised and quinidine was given. On June 
10, 1048, she was subjected to commissurotomy, which proceeded according to the technique 
described in this paper without flaw. The onteromedial cusp only was incised. Post- 
operatively she improved rapidly and was discharged from the hospital on the seventh 
poatoperativo day. She returned six weeks later for repeat heart x-ray views and ballisto¬ 
cardiographic studies. The x-ray views revealed considerable reduction in the heart size, 
particularly of the left auricle. Ballistocardiographic tracings indicated the same resting 
cardiac output as woa present preoperatively, but after exercise this was increased to 12,0 
liters. Clinically her improvement, however, was much more marked than these objective 
findings. In the nine months since surgery she has assumed the entire care of her house¬ 
hold and is living a perfectly normal Ufe. DigitaJia is now nnnecessaiy. 

Case 0.—S. S., a white woman, aged 35 years, was admitted to the Episcopal Hospital 
in June, 1948, with a diagnosis of rheumatic heart disease. There was no history of rheu¬ 
matic fever having occurred during childhood. Indeed, she was well until 1940, when 
an obstetrician made the diagnosis of a serious heart murmur during pregnancy. During 
the twelfth week of this pregnancy she developed signs of cardiac failure (cough, pul¬ 
monary edema, and shortness of breath), requiring confinement to bed until completion of 
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gestation. She was then reasonably well until 1946, when she experienced a splenic infarct. 
In September, 1947, a second splenic infarct occurred, followed in two weeks by a cerebral 
embolus, causing paralysis of the left side. Motor power completely returned, but she 
was stricken with a psychosis resembling catatonia. Since that time she has been emo¬ 
tionally unstable, and her speech is slurred. In April, 1948, there was an embolus lodged 
in the dorsalis pedis artery of the left foot. On admission, in addition to the residual 
findings of the previously mentioned vascular accidents, her heart was irregular in rate, 
rhythm, and force—apparently from auricular fibrillation. There was enlargement to the 
left and a short, rumbling diastolic murmur could be heard at the apex. Blood pressure 
was 110/80. There were no signs of cardiac decompensation. 

Eoutine laboratory studies were within normal range. Electrocardiographic tracings 
indicated an auricular rate of 375 and a ventricular rate of 60, interpreted as auricular 
flutter and flutter fibrillation. Venous pressure, right arm, was 178 mm. water. Circulation 
time, arm to lung, 9 seconds; arm to tongue, IS seconds. Fluoroscopy and cardiac x-ray 
views confirmed the impression of mitral stenosis with enlargement of the left auricle. 

The patient was digitalized and penicillin was administered. Immediately before 
surgery she was given quinidiue, gr. 3, ever 3 ' three hours. 

Commissurotomy was performed on June 27, 1948. Both commissures were cut using 
the left- and right-cutting knives inserted through a metal sheath strapped to the index 
finger, as described in the text. The valve orifice was small and the valve structure similar 
to muslin. At the conclusion of the procedure the auricular appendage was ligated at its 
base to prevent further embolic phenomenon. 

Postoperative recovery was smooth and without incident. There has been marked 
clinical improvement, definite diminution in the size of the heart shown by fluoroscopy 
and cardiac x-ray view. Ballistocardiographic estimations of cardiac output at rest and 
exercise taken pre- and postoperatively indicate considerable objective improvement. 

Case 7.—F. Q., a white woman, aged 35 years, was admitted to the Episcopal Hospital 
. on July 1, 1948, with a diagnosis of rheumatic heart disease. Although there was no 
definite attack of acute rheumatic fever during childhood, she had repeated bouts through¬ 
out her life of epistaxis, and aching in the elbows, ankles, and wrists. She stated that 
she had always been short of breath. In 1925, during pregnancy, the presence of a heart 
murmur was discovered. Shortly thereafter, severe hemoptj’sis occurred and she was 
bedridden for five months. She underwent cesarean section at term. In 1927 she became 
pregnant for the second time with a return of the symptoms, at which time she underwent 
hysterectomj". In 1945 she was hospitabzed for cardiac failure. Since that time she has 
had precordial pain, burning with radiation down both arms, and slight ankle edema. 

On admission the patient was mildly dyspneic at rest, and could not walk the length 
of the corridor without severe dyspnea. She was taking digitalis, gr. 3 daily. Electro¬ 
cardiographic tracings indicated a ventricular rate of 80 with auricular fibrillation. Cardiac 
examination showed cardiac enlargement to the left and a diastolic murmur over the apex. 
Lungs were clear; there was no enlargement of the liver nor peripheral edema. Venous 
pressure, right arm, was 120 mm. water; circulation time, arm to tongue, 27 seconds. 
Blood pressure was 120/80. Cardiac x-ray views were compatible with the diagnosis of 
mitral stenosis. 

Commissurotomj'' was performed on July 13, 1948, in the classical manner. Explora¬ 
tion of the mitral valve revealed the mitral orifice to be too small to permit the insertion 
of the finger tip. It felt bke s buttonhole in a piece of kidskin. The anterolateral com¬ 
missure was satisfactorily inci,-ed and the thrill which was very prominent in the region 
of the mitral valve disappeared. It was deemed unnecessary to cut the posteromedial 
commissure. Transfixion sutures of medium cotton are placed through the tip of the 
auricular appendage and hemostasis was w-ell established. The patient did exceedingly 
well postoperatively, and was able to traverse the halls wdth considerably more facility 
than she could preoperativelj-, as earlj’- as the sixth postoperative day. On the eighth 
postoperative day, while sitting up in bed talking to her husband, she died suddenly. 
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Autoiijsy Finilin'is* — 

Htart: A niimll nntciuortt*Di thrombmt wtin fouml In tlie Htump of the nwputateO (par¬ 
tially) left auricular apjwndaijc. The nutareu oaed for thig closure were not exposed 
within the left atrium. The mitral valve appeared patent and the inciaion in the com- 
ndasuro showed no of Hbrosig. 

Brain: There was otlenm of the brain, although tlie vci»»elB did not appear 

niarkedly oongcsteil. There was a cone-shaped impression on the medulla and the base 
of the ccrobelluin, indicating herniation through the foramen magnum. On section of the 
cerebellum, there wus a very iletlnite area of softening, about 2 to 3 cm. in diameter, in 
the midportion. Xo obvious hemorrhage in this area was seen. 

C.VSK 8 . —If. lb, a white imin, aged 3.'5 vrtirs, was admitted to The Memorial Hospital, 
Wilmington, Del., on .fuly 22, 1!M8, with a ilingnosis of rhonmntic heart disease. There 
was a history of acute rhouraatic fever in 10-12. Sinco that time he boa been admitted 
to the hospital on six oct'asionM prior to the present admission for 8>'mptoma of increasing 
shortness of breath, hemoptysis, aitd edema. At the time of the presojit admission, although 
ho wus taking digitalis routinely his complaints were that of cardiac decompensation. 
Pliyaical examination at this lime rovcniod a heart enlarged to tho left, normal sinus 
rhythm, no palpable thrill, nmrked crescendo, prosystolic murmur heard at the opei. 
Thero was no sign of pulmonary or |»criphcral edema; venous pressures were normal os 
were the clrcolution times, f’nrdiac x-ray views were conipatible with the diognosis of 
mitral stenosis. After a period of core during whicl> tho patient received parenteral 
pooicillln, an increased dosage of digitalis, and tho institution of quinidijie, ho was referred 
for mitral valve surgery*. 

On Aug. 2, ItMS, mitnil cummiiu>urotoniy was attempted. Ezplorution of the voJve 
revealed tho orlHee to Ik* ver>* tiny, almost pinhole In type. Itecause of the marked eon- 
atrletion, no actual commissures could be located. Therefore, the anterolateral cusp was 
incised in the area assumed to bo the gcnerul location of tho anterolateral commissure. 
The opening so produccti beemed very adequate, so that no further incision was attempted. 
Postopemtivoly the patient improved slowly, and there was evidence of a small amount 
of pulmonary edoum. Kleetrocurdiogrupble tracings showed that a definite change bad 
occurrctl, in that there wus more depression of the H-T segments in the cheat leads with 
low voltogo of the T waves in all leads. Clinically the preoperativo diastolic murmur was 
absent nud only a slight systolic murmur could be heard. By the ninth postoperative day 
the pntient was out of bed without dyspnea, although fine rillcs could be heard in both 
lungs. The imtient was discharged in sutisfactorj' condition on Aug. 27, 1048. 

Ho was re-udmitte<I in October, when be was seized with severe cheat pain and 
dyspnea. Pliyslcal examination revealed a cyaaotic, dyspneic, apprehensive patient, ex¬ 
hibiting pitting edema of both nnkies. Cardiac examination indicated that there were 
two murmurs heard at the npe.x, one systolic and one diastolic. Although there was some 
response to mercurial diuretics, there was progressive edema and the patient died in 
extreme heart failure on Oct. 18, 1048. 

Autop*!/ Findings .—- 

Heart: The mitral valve was the seat of an operative incision 1 cm. in depth on the 
lateral aspect of the aortic cusp. There wos no evidence of healing of this incision. There 
wore additional calcareous deposits over the surfaco of the mitral valve. 

C.vaE D.—.T. K., u white man, agetl 31 years, vvas admitte<I to the Episcopal Hospital oa 
Aug. 20, 1048, with a diagnosis of rheumatic heart disease. He bad snfifered an attack of 
acute rhenmatic fever at the age of 12 years. After prolonged illness he recovered, and 
seemed well. In 1940 he passed the Army physical examination and was inducted. In 
1943 he experienced repeated episodes of hemoptysis during exercise. At this time he was 
digitalized, and has remained so to the present admission. History to this time consists 
easentlally of repeated attacks of hemoptysis, iuorcaaing shortness of breath, chest pain 
during parox^^ms of coughing, but no peripheral edema. Examination on admission 
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revealed a patient in no acute distress, but one who became dyspneic while talking. Car¬ 
diac examination revealed moderate enlargement, normal sinus rhythm with occasional 
premature contractions, accentuated P., and a snapping AI,. There was a rumbling murmur 
throughout diastole, with presystolic accentuation. There were no signs of congestive 
failure. Circulation time was, arm to tongue, 19 seconds; arm to lung, 6 seconds. Venous 
pressure was 160 mm. water. Electrocardiogram revealed a right axis deviation. Cardiac 
x-ray views were compatible with the diagnosis of mitral stenosis, showing marked left 
auricular hypertrophy. 

Mitral commissurotomy^ was performed on Sept. 2, 1948, in the classical manner. 
Mitral exploration revealed a tight fishmouth constriction of the valve orifice. Both 
lateral and medial commissures were incised. Because of the presence of hard, calcified 
nodules along the medial commissure, the angle of the medial incision was directed slightly 
anterior, and a large incision was produced. 

The patient responded well immediately' after surgery', but during the night began 
to expectorate frothy, bloody sputum. His course was progressively downward despite 
all therapeutic endeavor, and he died the next day in acute pulmonary edema. 

Autopsy Findings .— 

Heart: The mitral leaflets are thickened, rigid, and calcified. The chordae tendineae 
are shortened and cordlike. There is stenosis of the ring and regurgitation. The latter has 
been accentuated by surgical incision, which has been carried into the intracardiac portion of 
the aorta. 

Case 10.—^A. W., a white woman, aged 35 years, was admitted to the Episcopal Hospital 
on Aug. 27, 1948, with a diagnosis of rheumatic heart disease. There was no previous 
history of rheumatic fever. At the age of 26 y'ears, during her first and only pregnancy, 
she experienced episodes of marked dyspnea and orthopnea with peripheral edema and 
precordial pain. The patient’s pregnancy was terminated by' cesarean section. The sub¬ 
sequent course was that of increasing progressive dyspnea, but no hemopty'sis occurred. 
The patient has been digitalized for several years. Phy'sical examination revealed blood 
pressure 120/78, pulse 76, cardiac enlargement to the left, Pj accentuated 2+, diastolic 
thrill at the apex, rumbling apical diastolic murmur, ending in a snapping M,. The lungs 
were clear, the liver and spleen not palpable. 

Preoperative studies included fluoroscopy', cardiac x-ray views, and electrocardiogram 
which revealed right axis deviation; circulation time with Decholin was 18 seconds, with 
ether 7 seconds. Venous pressure was 120 mm. water in the right arm. The preoperative 
preparation included quinidine and penicillin, in addition to the usual care. 

Mitral commissurotomy was performed on Sept. 2, 1948. A typical fishmouth fibrotic 
mitral valve was encountered. Both the lateral and the medial commissures were cut as 
in the preceding case. Immediately after the medial commissure was incised, the blood 
pressure dropped markedly and the heartbeat became slow and feeble. This was believed 
to be due to the loss of an excessive amount of blood through the sheath of the commis¬ 
surotomy knife inadvertently'. The blood was rapidly replaced, with improvement of her 
condition. The base of the appendage was ligated but no end sutures were placed in the 
amputated tip of the appendage. 

As in the preceding case, the immediate postoperative condition was good, but after 
twelve hours the blood pressure dropped steadily and despite all therapeutic endeavor the 
patient died within a twenty'-four-hour period. Attempts at cardiac resuscitation by' 
manual massage in bed were to no avail. During this procedure it was noted that con¬ 
siderable hemorrhage had occurred from the stump of the auricular appendage. 

This case indicated to us the necessity for both ligation of the base of the appendage 
and suture of the amputated appendageal tip. These last two cases emphasized to us the 
undesirability of the sheath which we had been using to facilitate the use of a left- and 
right-cutting commissurotomy knife. We are grateful to Harken for his suggestions as 
noted in the text, which have made it possible to dispense with this sheath. 

No autopsy was obtained. 
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Cabe 11.—il. K., a white woman, aged 43 yt*arii, wua a<lmHtc<l to tlio Episcopal Hospital 
in Septombor, 1948, with the diagaosis of rheumatic heart disease, 'riiero was no history 
of acuto rheumatic fovor, but tlie presenco of a heart murmur had been detected in 1U30 
at the time of oiaininaliou for life insurance. At the ago of 25 years, during her ilrst 
and only pregjiancy, she roJInpsed from a “heart attack,“ nml the fotm* was delivered 
by cesarean soctiom At the ago of 38 years sho erpcrioiiced a wore throat with fever, 
w'hich ATOs diagnosed n« an attack of rhouiuatie fovor. At the age of 41 years there was 
eorobrn] enil>olization, which affocted her speech, the ofTcct lastiug for one week. Several 
months later u second emlmlua occurrml lo the right leg, which cleared shortly. In 1947, 
splenic infarction occurred. The ]ia(ieiit had uover bcou iu congestive failure, but took 
21 mg. digitalis daily for four y«*ars. She Irnd taken Uiroumarol, 37,u mg. daily, since 
August, 1047. 

Physical oxominutlon roveuled an enlarged heart, auricular fibrillation, marked dias¬ 
tolic mitral murmur, and blo<x} prettsurc MO/.St). There were bajal rtilcs In tire Jung fields, 
but no other signs of congestive failure. 



Flic. 12.—Forceps In Intcraurlculnr septal defect produced surgically. Note larca slxe compared 
to stenotic mitral orifice. 

Preopenitlve studies Included fluoroscopy and cardiac x-ray examination confirming 
the diagnosis of mitral stenosis. Venous pressure was 100 mnu water, circulation time, 
arm to lung, 3 seconds; arm to tongue, 10 seconds. Electrocardiographic studies indicated 
ventricular rate of 80 with auricular fibrillation and right axis deviation. 

itltral exploration was carried out Sept. 10, 1048. A tiny mitral orifico was found 
high on the anterior aspect of the mitral valve and was In such a position that commis¬ 
surotomy could not be performed. Exploration of the interauricidar septum was carried 
out. This revealed a semilunar ridge, somewhat aimuJating a valve. The commissurotomy 
knife was engaged upon the tissue proximal to this ridge and nn opening was made into 
the adjacent chamlmr (right auricle). This opening was then enlarged by two separate 
diverging strokes of the knife to fashion an interuuricular septal defect which would admit 
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the index finger. Postoperatively the patient responded adequately and remained clear 
and lucid until death sixty hours later, despite systolic blood pressure ranging from 40 to 
60 mm. mercury. All attempts to elevate and sustain a higher blood pressure failed. 
Oliguria and terminal uremia followed. Our attempts to relieve pulmonary hypertension 
had so lowered this patient’s cardiac output that life could not be maintained. The heart 
is shown in Fig. 12. 

Case 12.—B., a white woman, aged 37 years, was admitted to the Episcopal Hospital 
on Sept. 7, 1948, with a diagnosis of rheumatic heart disease. She had experienced an 
attack of acute rheumatic fever at the age of 14 I'ears, nfith four recurrent attacks after 
that time. She had been taking digitalis continuously since the first attack. There had 
been three episodes of marked dyspnea, occurring during pregnancy sixteen years ago, the 
next in October, 1947, and the third in July, 1948. Edema of the ankles occurred on two 
occasions, one at the birth of her child sixteen years ago, and again in July, 1948. There 
was marked exertional dj'spnea, but she was able to work with care up to the time of 
admission. 

Physical examination revealed enlarged heart, both to the right and to the left, 
auricular fibrillation, marked systolic murmur at the apex, with an early diastolic thrill 
and murmur in the same area. After the usual studies, it was felt that this patient had 
mitral stenosis and regurgitation of equal severity, and the problem arose as to whether 
surgery in her case was indicated. Cardiac catheterization studies were unsatisfactory. 
ATter consultation with the cardiologist, it was our combined opinion that this patient's 
course would be rapidly downhill at best, and therefore an attempt at mitral exploration 
and relief of stenosis was indicated. 

Mitral exploration was carried out on Sept. 16, 1948. The mitral valve was found 
to be very abnormal. The medial half was apparently occupied by a large calcified mass, 
which was notched at the exact commissure. It was evident that no operation could be 
performed on this portion of the valve. The lateral half, however, was widely dilated so 
that the palpating finger could easily be inserted into the left ventricle, even to the apex. 
The edge of this opening was fibrotic and there was little movement of the valve during 
■ cardiac excursion. An attempt was made manually to split and mobilize this stiffened 
lateral wall, feeling that possibly some motion in the valve might result in improvement. 
Nothing further was done. 

Postoperatively, to our amazement, she has been markedly improved subjectively, 
although there are no objective findings to corroborate such improvement. There was a 
marked psychic element in this case which might account for this improvement. 

Case 13.—M. L., a white woman, aged 33 years, was admitted to Doctors Hospital, 
Philadelphia, on Jan. 16, 1949, with a diagnosis of rheumatic heart disease. Acute rheu¬ 
matic fever had been sustained three times between the ages of 7 and 10 years. Since the 
age of 43 years she has had repeated attacks of congestive failure. Physical examination 
revealed a thin, emaciated woman, prominent neck veins, liver enlarged to 3 cm. below 
costal margin, moderate ascites, and grade 2 pitting pre-tibial edema. Examination of 
the heart revealed a loud, blowing diastolic murmur, cardiac enlargement, evidence of 
auricular fibrillation. There were r&les at both bases posteriorly. 

Preoperative studies included electrocardiographic tracings indicating auricular flut¬ 
ter; cardiac x-ray views gave evidence of mitral configuration with left auricular and 
ventricular enlargement confirmed by fluoroscop}^ Venous pressure was 120 mm. water; 
circulation time, arm to lung, 9 seconds; arm to tongue, 27 seconds. Cardiac catheterization 
was performed and pressure readings in the pulmonary arterj'- were 32.4 systolic and 3.4 
diastolic. In the right ventricle pressure readings of 62.3 systolic and 7.6 diastolic were 
obtained. 

It seemed unlikely that surgery was indicated in this case, but at the behest of the 
patient and the cardiologist who realized the hopelessness of the situation, operative inter¬ 
vention was carried out. Mitral exploration was performed on Feb. 1, 1949. The auricular 
appendage was found to be tightly adherent to the pericardium and the entire pericardial 
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Hpaca u-ns oblitemto<l by fibrous adhesions. As the auricle and its appendage could not 
be freed, mattress sutures wore placed circularly in the auricular appendage. An incision 
was made through this area and the finger inserted into the loft auricle. The mitral valve 
was found to bo a fibrotic slit somowlint wider anteriorly than posteriorly. The index 
finger was in.Herte<l throngh the orifice of the valve, which was manually dilated. Tearing 
at both commieauros utih ucconiplislied. The finger was withdrawn, and the mattress 
sutures were drawn tight. This did not sntHce to control the bleeding, and a large-sixed 
golfoam pack was applied over the rent in the auricular appendage. The pericardium was 
sutured over the urea and bleeding was very adequately controlled. 

The postoperative period was one of progressive cardiac failure, despite intensive 
therapy. Tho patient died within sixty hours. 

.lutopsy Findiuos .— 

Heart: Then' was an ndlu-sivo pericarditis witJi multiple calcium deposits, and severe 
mitral and aortic stenosis, the former I>viiig tho seat of lacerations at the eommiisurei. 
Both ventricles wen* markedly hypertrophied. All other organs were the seat of marked 
passive congestion. 



Fjrr 14 _Po«teroantcrior and right anterior oblique roentgenoffrem* showinff reduced slxo of 

heart and left auricle, postoperative. 
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Case 14.—J. B., a white man, aged 32 years, was admitted to the Hahnemann Hospital 
on Jan. 18, 1949, with the diagnosis of rheumatic heart disease. To the patient’s knowl¬ 
edge there was no history of acute rheumatic fever. The patient had noticed increasing 
dyspnea since 1945, with four episodes of marked hemoptysis. In recent months dyspnea 
was marked on the slightest exertion. There was no history of congestive failure. Marked 
cardiac palpitations, but no anginal or substernal pain, were present. 



FIs. 15.—Position of catheter In right auricle and ventricle at the time of postoperative 

pressure studies (Case 14). 



Fig. 16.—Position of catheter In right and left pulmonarj’ arteries at time of postoperative 

pressure studies (Case 14). 

Physical examination of the heart revealed a normal sinus rhythm, early diastolic 
murmur at the apex, P; accentuated, and blood pressure 110/60. Fluoroscopy and teleroent¬ 
genograms indicate cardiac enlargement with mitral configuration. Electrocardiographic 
tracings indicate some auricular dysfunction and myocardial damage with slight right 
axis deviation. T waves are in\-erted in Head CFj. P waves are of abnormal duration in Lead 2. 
Koutine laboratory studies were within normal limits. Venous pressure for the right arm 
was 120 mm. water. Circulation time, arm to lung, was 10 seconds; amr to tongue, 22 
seconds. Preoperative cardiac catheterization findings are contained in the text. 
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ilitral eomrai^aurotonjy wua performed on Feb. 2, 1949, and the mitral slit was found 
to be so small that it would not admit more than the tip of the finger. The edges of the 
mitral orifice were folded and beade<l. There was a small piece of calcium high on the 
anterior leaf. The remainder of the mitral valve, Imth anterior and jwsterior leafs, was 
thin and mobile. Tho lateral commlMure was slit by a backward stroke of the commia- 
surotomy knife, and the commissure was divided laterally to the wall of tho heart. The 
opening so prodneed ^Yas large and adequate, und it was felt that medial commissurotomy 
was unnecessary. 

Postopcratively tho patient’s course was excellent, except for the occurrence of more 
than the average amount of pericardial pain, which disappeared after one week. The 
patient was dbteharged and returned on Feb. 28, 1949, for conjploto postoperative studies. 
Uurlng this admission, auricular tlbrillation came on suddenly, but he reverted to normal 
rhythm on digitalis and quinidino. which wan then discontinued. Venous pressures in the 
right arm were 95 and 100 mm. water; circulation times, arm to lung, 11 seconds; arm to 
tongue, 17 hcconda. Postoperative catheterization studies (Figs. 15 and 10) as well as 
pressure readings in the left auricle. l>efore anil after commissurotomy, are contained in 
the text. All pressure readings were recorded on this and other catheterization study coses 
by a Lilly electronic njnjioraoter oaliltratcd in miHimoten of Hg. The patient has since 
returned to work and is now able to cany on the duties (strenuous) of a truck driver in 
the coal mines. 

Case 15.—3. C., a white man, aged 21 year**, wua admitted to the Ilahnemann Hospital 
on Morch 17, 1049, with the diagnosis of rheumatic heart disease. There was no history' 
of acute rheumatio fever, but be was told oo routine phyilcol oxaminatioos at school and 
in the Amy that he bad a ‘^rheumatic heart." He had been repealesUy warned to stay 
away from strenuous sports, a warning which bo had ignored until recently, when he began 
to notice some slight shortness of breath on exercise. IIo was a sensitive youth and very 
heart'consciooa. There were no other aymploms to date. 

Cardiac examination revealed nlight enlargement, normal sinus rhythm, and grade 3 
rough diastolic murmur at tho apex. There was no associate<l evidence of any tendency 
to cardiac decompensation. 

PreoiMjratlve studies Included electrocardiographic trucings which wero within normal 
limits, fluoroscopy, and cardiac x-ray views which revealed veiy early mitral configuration. 
Venous pressures in the right arm were 140 mm. wuter, circulation lime, arm to lung, 8 
seconds; arm to longue, 11 seconds. Cardiac output studies detemilned on the Fick prin¬ 
ciple indicated a cardiac output of 6.3 litem (cardiac index 3.9) before exercise and 13.6 
liters (cardiac Index S2J) after exercise. The^€ figures were not corrected for hJs pre- 
operative anemia. Complete cardiac catheterization pressure studies were carried out and 
found to l>e as follows: Right auricle—maximum systolic 11.9 mm. Hg, maximum diastolic 
3.5 mm. Hg; right ventricle—maximum systolic 37.8 mm. Hg, minimum systolic 30.7; 
maximum diastolic 5.4 mm. Hg, mlnlrauui dioetoUc 0.8 mm. Hg; right pulmonary artery— 
maximum systolic, 43J5 mm. Hg, minimum systolic 37.0; maximum diaetolic 5.2 mm, Hg, 
minimum diastolic -0.6 mm. Hg. In the main pulmonary artery, moxlmiun systolic, 52.5 
mm. Hg, minimum systolic 42.1 mm. Hg; maximum diastolic 4.5 mm. Hg, minimum dias¬ 
tolic -3.4 mm. Hg. The heart rate during these studies varied between 78 and 84 beats 
per minute. On the basis of these studies, our cardiac consultant stated, "Even though 
there is no liistoiy of rheumatic infection, it is felt that this is a clear-cnt case of advanced 
mitral stenosis. The pulmonic second sound is only 1+ accentuated, and there is no left 
ventricular enlargement. An exercise tolerance test gave a good response. This case 
should be a good candidate for conimisaurotomy, and I see no contraindication to its being 
done." 

^iitral commissurotomy was performed on ilarch 23, 1949, and a valve similar to 
that described in Case 14 but with a slightly larger oriilco was found. Lateral commis¬ 
surotomy was sufficient to obtain the desired result. During the performance of this 
operation, pressure readings were obtained before and after commissurotomy from tho left 
auricle. Because of mechanical difficulties in the performance of our electronic manometer, 
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the readings obtained were unsatisfactory' and inaccurate. Objective evidence to corrob¬ 
orate his marked clinical improvement will be obtained in one month from the time of 
operation, and will be reported at a later date. 

Two cases were exploratory or attempted valve operations only, for both 
patients died before the heart was entered. In the first patient, operated npon 
Nov. 14, 1945, countertraetion on sutures in the left auricular appendage during 
insertion of a trocar resulted in tearing of the appendage (Case 1). Fatal 
hemorrhage resulted. The second operation (Case 4) was attempted upon a 
man in extremely poor condition, who remained cyanotic from the onset of 
anesthesia. After the pericardium was opened the slightest irritation of the 
epicardium produced runs of premature contractions. In spite of vigorous 
intravenous drag therapy designed to reduce cardiac irritability, the heart failed. 
Drastic resuscitative measures were to no avail. 

In two cases a technical error occurred, related to the use of a special metal 
sheath for the change of knife blades. In both, an incision was inadvertently 
made across the anteromedial valve cusp i-ather than through the posterior com¬ 
missure. Both patients developed severe mitral regurgitation. One died -within 
twenty-four hours and the other -nothin three months (Cases 8 and 9). 

In one ease an interaurieular shunt was produced (Pig. 12). The pul¬ 
monary and left auricular hypertension were promptly and adequately relieved. 
In fact, even the pre-existing auricular fibrillation was abolished. The patient, 
however, died within three days because slie could maintain a systolic blood 
pressure of only 30 to 60 mm. mercury. By removing the auricular hypertension 
the eompensatoiy liead of pressure necessaiy to maintain adequate cardiac out¬ 
put had been so lowered that life could not be sustained (Case 11). 

In three eases (Cases 2, 12 and 13) simple digital dilatation of the miti'al 
orifice was carried out. Except for the fii-st case (W. S., June, 1946) in which 
wo had no clear-cut ideas of procedure other than to enlarge the stenotic valve, 
the indication for this procedure rather than commissurotomj' was entirely based 
upon the poor condition of the patient at the time of surgery. In both, the 
simplest and most rapid procedure seemed ad\isable. One patient recovered 
(Case 12) and is, subjectively, remarkably improved. The proper pre- and 
postoperative set-up for physiologic studies was not available at that time, much 
to our regret. With our present knowledge none of these cases would have 
been considered for surgical intervention. 

Commissurotomy by the technique described was performed in seven cases 
-with three fatalities. In the firet of these latter (Case 3) a modified scalpel was 
employed, as our present commissurotomy knife had not been perfected. At¬ 
tempts to incise the commissure were attended by repeated disengagement of 
the blade as it rode over the fibrotic valve, resulting in an inadequate incision 
extending only a few millimeters into the scar tissue. Pre- and postoperative 
pressure determinations in the left auricle were unchanged (320 mn-i. H 2 O). 
The patient died on the sixth postoperative day in pidmonarj' edema from un¬ 
relieved mitral stenosis. The second patient (Case 7) was operated upon 
accurately and well, and appeared to be on the way to a most satisfactory result, 
but suffered a cerebral embolus and died suddenly on the seventh postoperative 
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dny. Autopsy disclosed an adeiinale and satisl'actory conmiissurotomy. Thiom- 
bus foniiation had occui'red in the loft auricular aptiendage, from which the 
eiubolus aiipnrently oriftinaled, Wc have obscrYcd such thiombus forraatiou 
ninny times in animal ap|K'nda;;cs after valve surgery, but no adverse complica¬ 
tions had resulted. We bud simply oveniown the incision in the appendage at 
the conclusion of tlic procedure. In si.v .succeeding eiLses (and iu one previous, 
C. W.) wc have ligated the auricular ujipcndage at its base to prevent such 
disaster. The appendage of the thinl jiutient operated upon shortl.v thereafter 
was ligated at its base without suture of the cut tip. Autojisj- indicated that 
hemorrhage hud occurred from this site (Case 10). This experience has led 
to lioth ligation at tlio base' and an ovei-sewing .suture at the cut tip on all subse¬ 
quent cases. 

The remaining four cases hud e.xcclicni results. The patients arc clinically 
well. The two patients who had been digitalized for .some montlis jirior to 
surgerj- no longer need such medication. There is denfiite diminution in the size 
of the heart as shown roentgcnograpliically (Figs. 13 and 14). Their tolerance 
for exercise is remarkably increased, jicrmitting them to return to normal ac¬ 
tivity. Careful examination lias revealed some slight evidence of residual mitral 
stenosis (by uu.scultation) in two of the cases (Cases 5 and 14). The othei's 
seem to have no residual sign.s of the disease, although they aio admittedly 
short-tenn follow-ups. There has been no cnWtnce of mitral rcgui'i/itaiion in 
any of Uie four. 

Comment.—It is essential that thc.se patients be carefully studied and 
.selectetl for surgery. Tlii.s should include complete fluoroscopic e.xamination of 
the heart, iKtsteroantcrior atid oblique x-ray views ineluding esoiihagograms, 
electrocanliographic tracings and phonographic lecordings, circulation tunes, 
and venous pressures. A careful elinical histoiy and e.xamination are made by 
an esiieciully interested cardiologist. Catheterization of the right heart is of 
utmost importance. Pre- and postoperative pressure readings fiom the pul- 
monarj' arteries, right ventricle, and auricle are at present the best objective 
means of evaluating the nssults obtained. In certain cases, angiocardiography 
to determine the size of the left vaitriclc ma.v be indicated. Ballistocaixliograms 
and caidiac output studies are of great value. 

Indications (at present ).— 

1. Host favorable group ; 

A. Excessive fatigability. 

Increasing exeiiioiial dyspnea. 

B. No rlieumatic activity. 

Nonnal sinus rhytlun. 

Lesion predominantly stenosis. 

Evidence of signiflcautly increased puhnonarj- hj-per- 
teusion. 

2. Less favorable group: 

The preceding plus: 

A. Eeeurrent bouts of hemoptj-sis. 

B. Arterial embolic phenomena. 

C. Auricular fibrillation without faihu-e. 
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Hemoptysis in more than amounts necessaiy to stain the sputum is of grave 
import. Wolff and Levine^^ pointed out that, in their series of cases, the average 
duration of life following the onset of severe hemoptysis is 32.5 months. Levine^^ 
stated that the average duration of life following the initial attack of congestive 
failure is 4.6 yeara. The development of auricular fibrillation is usually penna- 
nent and irreversible. In tills state, thrombus formation not infrequently occurs 
along the endocardium of the dilated and relatively immobile auricular walls. 
Some 75 per cent of these occur within the lumen of the auricular appendage 
(left), a common site for the origin of artei'ial embolization. 

Contraindications (at present ).— 

1. Active rheumatic infection. 

2. Presence of superimposed subacute bacterial endocarditis. 

3. Cardiac failure uncontrollable by medical means. 

4. Presence of marked associated mitral regurgitation or 
other valve (aortic) deformities. 

suaiaiARY 

Our entire experience with surgery for mitral stenosis—fifteen cases—has 
been reviewed. In seven of them, commissurotomy was performed •with four 
excellent results and three deaths. Had our present knowledge been applied 
to all cases, the mortality would have been appreciably lowered. 

Commissurotomy is a simple, direct, effective, and safe procedure. Its exact 
surgical technique has been outlined. It accomplishes relief of mitral stenosis by 
restoring valve function without the production of additional mitral regurgita¬ 
tion. 

Digital guidance In the performance of accurate valve surgery is essential 
until a method of direct vision becomes established. The left auricular ap¬ 
pendage is the most satisfactory avenue of approacli to the mitral valve. The 
auricular appendage must be ligated at the conclusion of the procedure to pre¬ 
vent arterial embolization. This may prove to be the proper approach to the 
management of arterial embolization in man}^ cases imassociated with mitral 
stenosis. 

An enlarged left ventricle in a ease of supposed “pure” mitral stenosis is 
indicative of some additional significant valve lesion (aortic stenosis or regui’gi- 
tation or mitral regurgitation) and is probably contraindicative to commis¬ 
surotomy. 

Study methods of valve, in addition to clinical evaluation, embrace cardiac 
cathetei-ization for determination of puhnonaiy vascular pressures, ballisto¬ 
cardiography, and other physiologic studies for the determination of caixliac 
output. 

Venous shmits for the treatment of mitral stenosis are of some value, al¬ 
though their eventual effects upon cardiac output, the right ventricle, and the 
lesser circulation must be kept clearly in mind. 

Since this paper was submitted for publication, seven additional mitral commis¬ 
surotomies, have been performed with but one death. Thus of fourteen patients with mitral 
commissurotomies to date, ten are living and have shown great improvement, both by sub¬ 
jective and objective measurements. Complete data on these additional cases will be 
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DiacUSSrON on ^‘tHE surgical treatment of mitral stenosis” by DB. DWIGHT E. 

IL\RKEN, DR. LAURENCE D. ELUS, AND DR. LEONA R. NORM.VN;* AND “thB 
SURGERY OF MITRAL STENOSIS ” BY DR. CHARLES P. BAILEY, 

DR. R0BE2tT P. GLOVER, AND DR. THOM.VS J. E. O'NEILL 

DR. RICHARD IL SWEET, Boston.—I have a suggestion to make, referred to by 
Dr. Bailey, on a procedure which might be of somo interest to those of us who have not 
yet perfected our technique for intracardiac eurgery, and I might add that, so far os I am 
couccraed, I am going to wait for Dr. Harken and Dr. Bailey to do that before I start 
myself. 

(Slides.) This operation is an attempt to reproduce outside the heart the physio- 
logio effect of an interauricular septal defect- The diagram on this slide shows what we 
have done. Before this work was done, Dr. Bland of oar Department of Cardiology sug¬ 
gested that in cases of tight mitral stenosis an extracardiac shunt between the pulmonary 
and the sj'stemic venous systonis might provide a suffleient release of pressure to relieve 
the congested pulmonarj' clrculation- 

This slide shows the aaatomic findings at the operation on one of the patients. Here 
is the superior segment of the right lower lobe and at this point can be seen the superior 


•See patro 1 for article by Harken, Ellis, and Norman. 
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segnieiitnl branch of the inferior pulmonary vein. In this slide, drawn from the same 
operation after further dissection, there is as you see a small anomalous vein which lies 
somewhat above the superior segmental vein. In all the patients whom we have operated 
upon to date the diameter of the superior segmental vein has been equal to that of the 
azygos vein. Aly reason for using the nonsuture anastomosis technique is that the vessels 
are fragile, and it is nij' opinion that a suture anastomosis might bo difficult and not ns 
satisfactory from the functional point of view. At the completion of the operation in 
this case there was a rush of blood through the anastomosis into the azygos vein and a 
definite thrill could be felt. There was also a definite drop in the intorauricular pressure 
from 530 mm. of water before the anastomosis was made to 379 mm. of water after the 
anastomosis was made. 

Three of the patients have been enormously improved as a result of the operation. 
Each of these was formerly committed to a chair and bed existence but now leads an 
essentially normal existence. The fourth patient’s operation was too recent for evaluation 
of the result. In the fifth case the patient died. 

Dr. Harken was searching in his own mind for some objective evidence of striking 
relief—perhaps we should not call it cure—and I have discovered perhaps the test wliich 
ho needs. Two of my patients before operation were unable to indulge in sexual inter¬ 
course without suffering pulmonary edema, and afterward everything was all right. 

DR. A. J. GRACE, London, Ontario.—I have listened spellbound to this presentation 
by both our colleagues and by Dr. Swmet, who has done excellent work in this as well ns 
other fields. The subject has interested Dr. L. D. Wilcox and myself in London for some 
years. We also have done a number of experiments on dogs such as have been mentioned. 
Perhaps two or three points might be mentioned very briefly. In the first place, this work 
confirms the principles Dr. Harken has given; thej' are very sound and, I think, in the 
main basic. One point we might add is that any damage done to one or more chordae 
tendineae in these operations is likely to lead very rapidly to cardiac dilatation and death 
within twenty-four hours in most case.s. I think that point should be stressed. In all 
surgical work we seek to avoid adding to the damage and the risks as well ns actually 
.contributing to the health of the individual. 

i One point with regard to pressure changes: Immediately following section of a cusp 
■^of the mitral valve the pressure in the auricle rises ver}" rapidly, ns Dr. Harken has em¬ 
phasized, and that provides mechanical problems and an extra danger of bleeding. It is 
rather amazing how slowly the rise appears in the pulmonary arterial side when records 
are kept, and how slight it is. Turning to the problem in man: we are dealing with dis¬ 
torted valves, calcified and changed as well as constricted, as the diagrams shown this 
morning have brought out. We have felt, for the reasons Dr. Harken has given, that the 
posterior cusp would be a good site for surgical attack; the anterior one has other func¬ 
tions to fulfill in directing blood to the aortic outlet. We have chosen the posterior cusp, 
but have been impressed by the fact that it is seldom more than one-half the total area 
of the anterior cusp, and is often less than that in the pathologic material studied in 
several centers, particularly in these mitral stenotic cases we are talking about. We have 
sought some means of dividing that calcified cusp, the margin not being divisible bj" any 
ordinary cutting edge; it is so resistant in many cases. We have sought a means of divid¬ 
ing that edge, preferably right back into the posterior cusp toward the base, to relieve 
the pulmonarj' and left auricular hypertension, to increase the ventricular inflow of blood 
during diastole, and we hoped thatf' censtriction of the base of the ventricle during systole 
would help to limit regurgitation. We have .sought to do this without any loss of valve 
substance. That is the aim and the principle desired. 

A method which we have not yet worked out as fully as wo should like, but which 
may deserve further study, and we feel it does, came to mind from some basic work long 
ago by Sosman and Christian, who demonstrated quite a marked vertical motion of the 
heart fluoroscopically in cases where the calcified mitral valve could be observed. Aly 
colleague. Dr. Wilco.x, demonstrated the same in a patient with a calcified annulns fibrosis, 

' a marked vertical movement of the mitral ring and valve. To be sure this is not as great 
in extent as in the calcified aortic valve, but it is considerable. 
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Tho idea atniek us tlmt tins motion might he used to tKlvantage if ono could pass a 
cutting type of instrument, such os a section of Oigli saw, do^^n from nhove, through tho 
loft auricular apiwndago, or one of tho ]»ulmoiiary veins, and ont through the apex of tho 
heart, (Slide.) Both ends of the QlgH .saw Idado had boon smoothed off in advance, or 
they may l>o encased in oIoso-Htting segments of ureteral catheter. The middle section 
alone remains as a saw edge an»l this is maintained in close contact ■with tho margin of 
tho valve cusp to be sectioned by means of a combinatiou of lengthwise traction on the 
ends of tho saw, nmintuining tension, and pressure exerted from the outside of the heart 
at tho auriculoveutrioular ring. The priiicipio is to maintain pressnre of the valve cusp 
against the tense sawing edge, lotting tho cardiac motion do the actual sectioning of the 
valve. This tcchnifjuo causes very little blood loss and it docs not disturb tho cardiac 
action to any extent provided that the organ is not displaced greatly. 

Bo for this method has not bad nde(|unte trial in human cases. We have had oppor¬ 
tunity to use it only once. In retrospect, that patient was not truly suitable and little was 
gained. It is felt that this is simply n ruHection of the dithculty in selecting really suitable 
cases. There is great need of a j)ri>ecdure whieh atiH enable us to tell preoporatively tlie 
siie and condition of the cusps of the mitral valve nn<l the state of the whole mitral ring. 

Finally, it is suggested that during noluul manipulation of rheumatic hearts, momen* 
tari.* compression of Imlh carotid arterio.H in tho neck by the anesthetist or an assistant 
muy present cerebral emlwlic complications by fragments of valve t)r blood clot. 

DB. O. C. BR.VNTIOAX, Baltimore.— All those who have eontribntoJ to this problem 
in tho past certainly deserve grout credit and surely the extensive experimental work has 
made possible tho thoughts L)r. Bailey has upon this subject. I bcHove ono should realize 
that he has made ono vorTi' definite contribution, that is, the restoration of a functioning 
valve, this being obtained by dividing in tho normal commissure and, particularly, in the 
commissure that is in the posteroluterttl direction so that the unterior leaf is in no way 
divided or lujufo^l. Ue has done uway with tho idea of u tunnel because tho mechanical 
rigid tunnel makes hemorrhuge control verj' ditticuU. By lusortion of a finger through an 
opening of projK-T size in the auricular appendage very little blood Is lost; if the opening 
is made too largo a previously placed purso-slring suture cau bo tightened enough to pre¬ 
vent bleeding. Tho finding of u normal commissure is done by digital palpation and not 
by guess, and if one will examine gross autopsy specimens or cadavers one will find this 
normal commissure Is in a pretty definite location; It is difficult to find a true edge of tho 
valve leaf but ono can find between the chordae tondineao and papillary muicles a definite 
locution for tho comniissure. In my experience in examining autopsy specimens and 
cadavers it Is in n pretty definite location. AVith tho cadaver in the usual operating 
position nnd the right index finger inserted into the auricular appendage the posterolateral 
commissure will be ut ubout tho medial ospect of the terminal phalanx of the finger. In 
tho stonosed valve tho finger, of course, will not pass through the opening, but the com¬ 
missure location will bo fairly definite. 

I have recently Imd the pleasure of watching Dr. Bailey do one of his operations, 
tlie entire time consumed being voiy short, nnd tho blood loss actually not more than two 
ounces. Following operation there was no murmur to be heard. 

DR. DWIGHT E- HARKEN, Boston.—I was Interested in Dr. Bailey’s optimistic 
impression of our prosi>ectivo 5 per cent niortality. I think that is a bit optimistic for 
IWD bat I believe that we can think of the reverse picture; namely, that there is a malig¬ 
nant disease under discussion. This mulignunt form of mitral stenosis is being more clearly 
defined. As we become l>ettcr acquainted with mitral stenosis, wo recognize a picture of 
hemoptysis, right ventricular failure, and gravely elevated intrapulmonic pressure (by 
eathotoriiation) that gives us the picture of a malignant disease. It is perhaps more than 
an interesting coincidence that the only two patients who rejected surgery did die within 
three months after this refusal. 

How to find the mitral orifice has been a problem that has bothered Dr. Bailey as 
nmch as it 1ms bothered mo. 1 believe tho tunnel helps us. It is flexible and not asso¬ 
ciated with much clotting. I do not agree with Dr. Brantigan that the mitral ring is in a 



48 


THE JOURNAL OF THORACIC SURGERY 


peXTof^rTrur^t constant because there may or may not have been a prior 

pulmonic nrft '’i * lUTortrophy. Tliore may be varying degree^s of 

position of the" vhole ’left"”" the position of the mitral ring and also the 

and also the niitml ' o maj vary greatly. Tho position and size of the appendage 

lie nn«r ' ! "Orvo when tho pericardium is opened. Even the appendage may 

nStZneZtjT"’ '■•"“‘i”"” 


Dr. Sweet's comments are timely. His results are extremely good. I hope that we 
can in time differentiato between patients who should have valvuloplasty and those who 
should have left to right shunts created. 


I did not mean to imply today nor in previous publications in 194S that I have wanted 
or accepted regurgitation. Even last year’s publications repeatedly used the term 
^ahuloplasty” and "excision of the commissural zone and ring." A reprint of that 
paper ivns sent to Dr. Bailey at that time. One needs only to understand the function of 
the mitral valve b\' direct palpation in tho laboratory animal to advocate valvuloplasty. 
.\s the linger is directed through the mitral ring of the animal, one discovers that the 
small posterior leaflet has little function and the area is closed by the ventricular systole, 
whereas the anterior leaflet in .systole constitutes a wall that deflects or watersheds blood 
out through the aorta. Dr. Grace has verj' nicelj' emphasized this same point. As Dr. 
Grace also pointed out, and I thought my diagrams confirmed, the fishmouth opening in the 
funnel is quite eccentric; it is well back of the midpoint. I believe that point was not 
brought out in Dr. Bailey's report. These funnels are eccentric, the watershed is anterior, 
and the commissures are posterolateral and posteromedial. The mouth itself is rigid, the 
commissures are solidly closed, and tho leaflets themselves are very flexible in the vast 
majority of instances. This concept of the pathologic process is fundamental. 

In closing, I would again like to point out the fact that we are dealing with a malig¬ 
nant disease, the recognition of which may' become clearer in time. Patients are not only 
^Jo survive operations Imt be improved thereby'. I hope that our surgical mortality becomes 
.T'less formidable before we have another meeting. 


DR. BAILEY.—It is evident from Dr. Sweet’s report that life can be comfortably' 
prolonged in many very seriously ill patients by' the shunt operation which he has de¬ 
scribed, and I believe such an operation will always have a definite place in the surgical 
armory' for the relief of mitral stenosis. However, it seems to me that it is not as good a 
procedure as one directed at the mitral valve itself, and when such direct surgery is per¬ 
fected, shunt operations will find a very' limited field of usefulness. 

Dr. Harken and I may' differ in terminology'. It was my impression that he beUeved 
that a limited regurgitation or directed regurgitation was necessary for the relief of mitral 
stenosis. He performed a commissurotomy in his patients with a punch, which I believe 
was not large enough to cut all the way through the scar tissue and therefore did not 
produce a restoration of valve functiou. His method ns described, however, is certainly 
^ great improvement over the older procedures which produced free regurgitation. 

I would like to point out that it is very easy to explore the valve and its commissures 
with the finger inserted through the auricular appendage. Because of the excessive left 
auricular pressure resulting from the mitral stenosis, the left auricular appendage and 
auricle arc large and lend themselves to very adequate exploration with the finger. By 
the use of a purse-string suture about the base of the appendage, bleeding can be very 
readily controlled and is not serious. The purse-string is tied around the finger while it is 
in place within the appendage, so that no blood escapes during this part of the procedure. 

Dr Grace has pointed out that some of these valves are very calcified. We believe 
that in such cases if it is not possible to cut the commissures with the knHe, it is possible 
to relieve the obstruction with a punch. For this purpose we have dei'ised a narrow long- 
Waded backward-cutting forceps or punch which actually accomplishes the effect of com¬ 
missurotomy even though it removes a small sliver of valvular tissue at the commissure.. 
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At tho proaeut time avo have formulated certain contniindicationa and indications 
for this procedure. We l>elievo that active rheumatic infection, the presence of frank 
decompensation, and multlvaUnalur leaiouH are contraiudieatlona. If the left ventricle is 
enlarged, one can be fairly certain that there is some other associated lesion and not pure 
mitral atenosls nione. Such lesions may include marked mitral regurgitation or aortic 
stenosis and regurgitation. The proaonco of subacute bacterial endocarditis and lesions 
in patients over the age of 40 years are further contraindications. We fool that the ideal 
indication for commissurotomy is (pure) mitral stenosis with no, or verj' early, symptoms, 
provided tho pressure In tho right ventricle and pulmonur)' artery can be demonstrated to 
be elevated. If pulmonarj* hypertension has begun to develop, those patients Avill un¬ 
doubtedly run into serious cnnliac difficulties within tAvo to three years. If they are 
operated upon Imfore serious a\Tuptora« have developed, not only can the valve be surgi¬ 
cally treated more effectively, but tho uhinmto result Avill also be much improve<l- If a 
patient has had a previous bout of cardiac decompensation but can be satisfactorily re¬ 
stored to coinpcnsutiou by medical means, such a patient may still bo subjected to surgery' 
and a good result obtained. After further experience it is jwsslble that future indications 
might Include cases compllcuted by other valvular lesions, and possibly even those Avho are 
in mild docomponHatiou, no further improvenioiit under medical mauagoment being ob¬ 
tainable. 
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T he chain of events that leads to success or failure in thoracic surgeiy is 
more complex than it is in other fields. Notwithstanding the progress made 
in recent years, the occasional patient succumbs near the end of operation or 
shortly thereafter, or more often barely pulls out of a puzzling condition of low 
blood pressure. At such times it is customary to say, “The blood replacement 
was not sufficient, ’ ’ or, ‘ ‘ His heart just would not stand it, ’ ’ and so on. Stand 
what is often not clear. 

The purpose of this paper is to present factual data that explain some of 
the unsatisfactory experiences mentioned. We shall describe an acidosis of po¬ 
tentially fatal degree that results from accepted procedures in thoracic surgery, 
an acidosis that increases sn^bthly and swiftly with the passage of time. 

t 

POSITION OUTPATIENTS jVND ANESTHESIA PROCEDURES 

Our anesthesia prpeedures have been described in detail elsewhere."’ ^ 
Briefly, our patients are operated upon with the diseased side vei’rically upper¬ 
most with a blanket roll or piUow of approximately five inches in'dmmeter placed 
beneath the thorax. About 5 degrees of Trendelenburg position is used, and 
then the operating table is broken 10 to 15 degrees at the head and 5 degrees at 
the foot. 

Preanesthetic medication consists in most cases of morphine, 10 mg., and 
atropine, 0.6 mg., subcutaneously. Unconsciousness is induced with 80 volumes 
per cent nitrous oxide with 20 volumes per cent oxygen, and then the shift is 
made to straight ether maintenance with 95 volumes per cent ox^'^gen in a closed 
system, usually with “circle” soda lime filter. Endotracheal tubes are always 
used, Flagg, size 8, or Magill, 32 French. Inflatable cuffs are not used on the 
endotracheal tubes employed in these cases. (We do sometimes use them in 
transthoracic esophagectomy where the positive pressure needed can cause 
troublesome ga.stric distention.) Positive pressure is used when necessary to 
provide normal oxygenation of the blood, to reduce mediastinal smug, and to 
inflate the lungs at about twenty-minute intervals. Aspiration of the bronchi 
is carried out to maintain a clear airway. 


CHEMICAL METHODS 

Samples .—Blood was draAvn from the radial artery in oiled syringes and 
ti’ansferred under oil. Heparin was used to prevent coagulation in that part of 
the blood used for the oxygen determination. Carbon dioxide and pH were 
measured in serum. The first blood sample was drawm immediately before the 
induction of anesthesia while the patient breathed room air, and subsequent sam¬ 
ples were drawn while the patient was connected mth the closed anesthesia ap¬ 
paratus. 

From the Anesthesia Laboratory of the Harvard Medical School at the Massachusetts 
General Hospital. 

Bead at the Twenty-ninth Annual Meeting of The American Association for Thoracic 
Surgerj’, New Orleans, La,, March 29-31, 1949. 
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Oxijfjen. —Ox.Ygon was deterniinecl liy tlic iiietliod of Vnn Slyke and Neill." 
WJicD the blood eontaiued cDior, tlie Siii-der” waUBcntion of the Shaw and 
Downing” method was used. In tliis proeeduro the o.\.Ygen and carbon dio.-dde, 
after inctraction from the blood, arc stored in a pipette attached to the machine 
while the vacuum chamber is cleanetl. Water is substituted for the ferricyunide, 
the gasio returned to the chnmlicr, and the analysis continued us in the original 
method. One cubic centimeter .s;imples were used. Oxygen capacities were de¬ 
termined on all .samples by aerating the blood in room air for about five min¬ 
utes. 

Ctirhoii Dioxide. —(,'urbon dioxide determinations wera made on 0.5 c.c. 
scrum by the Van Slyke and Neill method.” AVhen ether was pre.sent in the 
blood, the Austin' method was used with .some modification, as follows-. The 
senim is acidified and extracted in the usual manner e.xcept that one very small 
drop of caprylic alcohol is used instead of the usual two drops. The p, is read, 
the extraction is repeated, and p, is read again. The tnerciiry i.s allowed to rise 
in the chamber to the 2 c.c. mark at the .same rate n.s in an analyais without ether. 
The carbon dioxide is alisorbcrl with tl.S.b c.c. of b N NaOII, and p, is read. Tho 
mercury is lowered to the 50 c.c. mark, and the chamber is shaken for three min¬ 
utes. Tho volume is reduced to 2 c.c., aiul |i, is read. This is repeated until p, 
is constant. If there is sufilcicnt caprylic alcohol to prevent foaming but not 
enough to form a layer above the solution in the vacuum chamber, then p, and p, 
readings will check themselves within 0.5 mm. The volume of the acidified solu¬ 
tion oxtraeted was 3.5 c.c. when 0.5 c.e. of serum was used. The K for tho ma¬ 
chines under these nniditions was 0.04. The fonnula nsctl [00,1 — [p, - p, + 
K (p, - p,l ] X f. 

Carbon Dioxide Tenxion. —The carbon dioxide tension wa.s calculated from 
tho earlxm dioxide content (volumes per cent) and the pH value. In moat cases 
this was lead off the Peters and Van Slyke chart.'” AVlien tho values were 
lieyond the limits of thi.s, the Honderson-nas.selljnleh etjuation was used directly 
to calculate the tension, 

CO, 

“ 0.1316 X 0.510 + 

AVhen tlio pH is in the neighborhood of 7.0 it is not possible to estimate the 
carbon dioxide tension witli us great accuracy as when the pH is higher, since 
small changes in pH in tlie low region cniise relatively large changc.s in the 
curlion dioxide tension. 

ITydrooen-ion Concentration .—^Hnstiugs and Seudi-oy” phenol red hicolor 
standards for studies in acidosis were used for the pH; 0.2 c.c. of serum were 
added to 4.0 c.c. of saline phenol red solution previously adjusted to 7.45. Then 
0.2 c.c. serum in 4.0 c.e. salmo solution was used us a blank. These were warmed 
to 38° C., placed in tlie colorimeter block, and matched to the nearest set of 
standards. The standards can he read for every 0.05 change in the pH and tlie 
final i-eading on the serum can Ix; estimated to 0.02 pH. 



52 


THE JOURNAL OP THORACIC SURGERY 


Hematocnt Value .—Hematocrit value was determined on heparinized blood 
in Rourke-Eimstene^^ tubes which were spun at 2,500 r.p.m. for forty-five min¬ 
utes. 


RESULTS 

The principal data obtained in 43 patients, in two age groups, are given in 
Tables I to VI. They are summarized in Table VII, A in order to compare the 
patient’s state near the end of opeiTition with what it \vas at the beginning. The 
avei’age data in Table VII, A show that while the carbon dioxide content I’e- 
mained constant, the pH decreased sharply in the lobectomy and pneumonectomy 
groups. These findings in corrected form, in conjunction with the calculated in¬ 
creases in fixed acid shown in Table VII, B, indicated that these patients were 
in a rather severe acidosis of combined respiratoi'y and metabolic types. 

Table VIII shows that the rise in alveolar carbon dioxide tension began and 
developed to a significant degree before the pleura was opened. And finally. 
Table IX demonstrates that the anesthetic agent or apparatus was not respon¬ 
sible for the rise in carbon dioxide tension. Table X illustrates how assisted 
respiration was effective in loweiung the carbon dioxide tension in one case but 
not in another. 

t 

Attention is called to the fact that the oxygen tensions sho-\vn in these tables 
are generally satisfactory, even near the termination of pneumonectomy, and at 
a time when the carbon dioxide tensions are dangerously high. 

There is some suggestion in the pneumonectomy group that the hematocrit 
rises during opei'ation, but an examination of the standard erroi-s of the means 
does not indicate significance m the available data. 

DISCUSSION 

In the normal, unanesthetized man an increase in the concentration of car¬ 
bon dioxide in the inspired air results in an increase in pulmonary ventilation, 
until about 9 per cent is reached. Further increase in carbon dioxide causes de¬ 
pression of the respiration,^ presumably owing to the well-known ane.sthetic 
properties of the gas. 

Under our present circumstances no such respiratoiy response to the high 
tensions of carbon dioxide was evident, probably because of the depressing action 
of ether on the respiratoiy center,® 

It is quite clear from Fig. 1 that under present circumstances (unlike the 
normal), respiration which is adequate to provide oxygen is not adequate to re¬ 
move carbon dioxide. Preoccupation with color of a patient’s blood, important 
as this is, is not enough. This is only half of the problem. The carbon dioxide 
level must also be considered. The tensions of this gas reached in some of our 
patients might of themselves be fatal, particularly in patients who had been sub¬ 
jected to considerable blood loss and surgical trauma. 

Why the carbon dioxide tension should rise so high must be considered. 
This is not the usual effect of ether with patients in the supine position (see 
Table IX). Presumably this great rise is to be blamed on position and the open 
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pleura and the depression of rcsjiiration by tlie ancstlietic. Some facts to be 
examined in this eonneetion are the following. 

In cloven patients (Table VIII) the alveolar carbon dioxide tension was 
determined immetliatcly prior to the induction of anesthesia and then some forty- 
two minutes later, but before the pleura was opened. (These patients had been 
in the operative position with the diseased side uppermost for approximately 
twenty minutes of this lime.) Ten of the.se eleven patients showed a rise of 14.6 
mm. llg or 2.0 volume per cent, average. Thus, the alveolar carbon dioxide 
tension hud liegun to swing up shariily before the ideiiru was opened and while 
the tidal volume and minute volume of i-espiration appeared to be quite normal. 
The open pleura i.s therefore, not the only factor responsible for the later rise 
in carbon dioxide tension. 



17 ■! 
16 ■; 


It must be emphasized that this increase in alveolar tension of 14.6 mm. Hg., 
or 2.0 volume per cent, is a truly great rise. It has been found (Campbell, 
Douglas, Haldane, and Hobson”) in the average individmd that a rise in pressure 
of 1.6 mm. Hg wUl double pulmonary ventilation. In the normal unanesthetized 
man a rise of only 1.0 volume per cent in the alveolar carbon dioxide content is 
sufficient to increase the pulmouarj^ ventilation about 50 liters per minute. 

How can this early rise in alveolar tension of carbon dioxide be e.xplaiued? 
A number of factors are present: besides the position, we must consider the in¬ 
crease in dead space pr^uced by the anesthesia apparatus, the effect of the 
endotracheal tube, and possibly the effect of the anesthetic agent on the bronchio- 
lar musculature. Conceivably an increase in dead space could be caused by the 
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effect of the ancstlietie (etiior) on these niiiseles. A elieek on the lole of these 
faetors will be pi’csented forthwith. 

Ether, the anestlieaia apparatus, and the endotraclieal tube ean he ruled out. 
They are of themselves unimportant factors in the rise in earbou dioxide tension 
as shown in Table LX and elsewhere {Bcis'her, Eraneis, and AnthLsen"*). Cleai’ly 
(Table VIII), im-sition is a faetor in the rise of carbon dio.xide tension. Other 
chief factors are tlie open pleura and depression of respiration by the anesthetic 
agent. These are the obvious factora. There is a curious increase in fixed acid 
(as shown in Table VII, B) with the passage of time. Possibly the high tensions 
of carbon dioxide encounten-d here interfere with cellular oxidations to the ex¬ 
tent that fixed acids aceumulate. The accnmulation of fixed acid is puzzling, 
particularly in view of the failure of ether nnesthesia alone to do tliis, as shown 
elsewhere.* The fixed acid problem Is being studied further. 

The statement is sometimes made that the answer to all these problems is 
mechanical respiration. There is perhaps still some room for doubt eoneerniug 
this. For one thing, the meehnnieal respiralors used with anesthetic agents have 
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TABIX Vn, B. I.SCUEASE IN FIXED ACID CALCULATED FnOSI TABLE VII, A 


Before OprTation 


DEPORE 

mMPERL 

HOB. 

(3 

COItKCC- 

TION 

mil PEBL| 

pco. 

TOTAI. 

CO, 

mil PER L 


pH 1 


A A 

Pneumonectomy 

8.1 


-fI.49 

36 

20 6 

23.5 

7.48 1 

|27A) 

— 

Lobectomy | 

8.4 1 

■miiM 

m3M 

33 

25.9 

24.(1 

7.51 


— 

iliBcelloneouB | 


1 29.4 1 

! +2.45 1 

32 

20.2 

25.2 

7.52 

27.7 1 

— 


At Operalion’e Knd 


NEAR KND 
Pneumonectomy 

8.9 


-0 35 

08 

20 9 

24.0 

7.09 

17.7 

+9.3 

Lol^ectomy 

1 8.7 

lanEM 

-3.01 

67 


24.2 

7.22 

20.6 

+6.4 

MiwjoUnnooun 

ihhiih 


-0.62 1 

1 -W 


24.0 

tat 

24.0 

+3.7 

























66 


THE JOURNAL OF THORACIC SURGERY 


Table VIII. Rise in Alveolae Carbon Dioxide Tension Before Pleura Opened 


PATIENT 

AGE 

(YR.) 

OPERATION 

TIME AFTER 
ANESTHESIA 

STARTED 

(MIN.) 

CHANGE IN 
ALVEOLAR COj 
TENSION 
(mm. iig.) 

B. W. 

49 

Pneumonectomy 

30 

•F 2.1 

H. V. 

41 

Pneumonectomy 

40 

■fl6.5 

A. A. 

40 

Lobectomy 

40 

+ 2.4 

K. K. 

54 

Lobectomy 

38 


P. S. 

55 

Lobectom)' 

35 

+29.0 

E. D. 

52 

Cyst (mediast.) 

55 

+ 6.1 

R. AI. 

31 

Lobectomy 

40 

i + 2.2 

R. R. 

55 

Lobectomy 

44 

+19.3 

C. B. 

30 

Pneumonectomy 

60 

+40.5 

W. B. 

27 

Lobectomy 

35 


[M. N. 

59 
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40 

- 4.2] 
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(exclusive of 
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1 

1 

42 

14.6 mm. Hg. 
(2.0 vol. %) 


T^able IX, Patient Supine"; Various Operations (Nonthoracic) 


PATIENT 

SEX 

AGE 

(yr.) 

ANES¬ 

THESIA 

TIME 

(MIN.) 

BEFORE OPERATION 

AT OPERATION' 

8 END 

pH 

CO, 

(VOL. 

%) 

CO, 

TENSION 

(MM. 

HG) 

pH 

CO, 

(VOL. 

%) 

CO, 

tension 

(MM. 

ho) 

I. S. 

9 

06 

255 
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9 

06 
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KB 
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9 

28 
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7.38 

57.3 


7.35 

49.5 

38 

H. M. 

9 

39 

95 

7.37 

54.1 


7.37 

52.9 

41 

A. G. 

3 

66 

93 

7.40 

65.6 

48 


58.2 

42 

J. B. 

$ 

72 

87 
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54.1 

42 
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9 

56 
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42 

7.38 

59.0 

41 

Average 

7.40 

60.2 

42 


55.4 

39 


♦Closed (circle Alter) nitrous oxide-oxygen ether anesthesia, size 32 Intratracheal tube. 


proved to have a mortality rate of their ovu due to explosion. The unsatisfac¬ 
tory ventilation sometimes produced by these machines is well kno%vn. It is 
widely accepted that respiration carefully assisted by the anesthetist, by bag 
squeezing just as the patient inspires, gives the most effective type of ventila¬ 
tion. The following two cases. Table X, show how effective this technique is in 
one case (J.V.) and how unsatisfactory in the other (C.B.). However, the pos¬ 
sible eft’ectiveness of assisted respiration needs to be and is being studied further. 
In current work assistance of the respiration is started as soon as the patient is 
placed on his side and is continued until the chest is closed. The results of this 
study will be reported later, when we have had opportunity to observe an ade¬ 
quate number of cases. 

The serious nature of the carbon dioxide tensions achieved by the end of 
long operations through the thorax can be inferred from the abundant evidence 
on this score found-in man not under anesthesia. Possiblj" the anesthesia may 
aft'ord some protection. It seems unwise to depend upon that. 

Goldstein and DuBois® liave shown that a fall of blood pressure immedi¬ 
ately follows the cessation of rebreathing of high concentrations of carbon 

/r9 ? 
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dioxide. Dripps^ lias discussed the fall of blood pressure which occui's when 
then subject is taken off cyclopropane. Under this agent he reported that the 
carbon dioxide tension rises to gi'eat heights; a considerable fall of blood pre.ssure 
sometimes occurs when the cyclopropane is terminated. “. . . the higher the 
tensions of this gas (carbon dioxide) in the arterial blood the greater Ls the likeli¬ 
hood of a postanesthetic decrease in blood pressure ...” 

After the end of the surgical procedure and the change of the patient’s po¬ 
sition to a more favorable one, the pH rises and the carbon dioxide tension is re¬ 
duced. The stimulant action of the carbon dioxide is withdrawn and the blood 
pressure falls. As pointed out previously, there is reason to believe that this is 
a true cause and effect relationship. 

The relevance of these findings to the fall of blood pressure often found at 
the end of thoracic surgical procedures is finite unproved, of course, but a true 
relationship is probable. 

Experience has shown that one can usually ‘‘get away” with patients m the 
position generally used (operated lung uppermost); with onlj' occasionally as¬ 
sisted respiration, what appear to be satisfactory results can be obtained. The 
disturbing inference remaurs that the occasional bad results mentioned at the 
beginning of this paper may m some cases be directly related to the high carbon 
dioxide tensions reported here. 

Possibly surgeons working through the open thorax may decide that they 
prefer to accept the real hazards of the high carbon dioxide tensions mentioned, 
tensions that arise as a consequence of common present practices. The}' may 
decide that this type of surgery in the supine or prone positions for example is 
more dangerous than the elevated carbon dioxide tensions. Such a matter is be¬ 
yond our competence to decide. 

In conclusion, reconsideration must be given to what constitutes the truly 
optimum position for operation in these cases. E finally clearly, more study 
based on data obtained in man must be given to effective means of assisting 
respiration durmg thoracic surgery. 

SUililARY 

The blood gases, oxygen and carbon dioxide, the pH and the hematocrit 
value were measured before anesthesia and at mtervals dui’ing surgery through 
the open pleura, and in some instances on the day following operation. Port}"- 
three patients were studied. All of them received nitrous oxide-oxygen ether 
anesthesia. 

Of the two great problems, oxygen supply and carbon dioxide removal, it 
was found that the techniques employed were adequate to provide oxygen but 
not to remove carbon dioxide. This gas iTSes to dangerous tensions uith the pas¬ 
sage of time. Even though the actual carbon dioxide content does not increase, 
the rise in tension is effected by a serious fall in pH. Various factors of possible 
importance in the rise of carbon dioxide tension are considered and discussed. 
The rise begins shortly after the patient is placed in the lateral position and be¬ 
fore the pleura is opened. It continues Avith increasing rapidity (see Fig. 1). 
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It is sliowii (Table IX) that ctlier unestlu*sia, llie closed aucsthesia apparatus, 
aud the ondotrachcal lul)(* arc not responsible, for no sucii rise ocem’s when tliesc 
same factors are ijrescnt in patients in the supine i)osition. (It cun l>e obscr\’ed 
Table IX, that contrary to the Rtatenients made in nearly all tcxtlxwks of 
phannacolojt}', ether does not eauso elinieal aeidasls.) Attention is called to a 
jii'obahlo relationship between the hij;h earbon dioxide tensions and the sudden 
fall of blood pressure with occasional fatality at tlio end of operation. In cou- 
chusiou, furtlier consideration should l>c given to what constitutes the optimum 
IHwition for surgeiy* in transthonicie proeedui*cs and to effective ways of assisting 
tho respiration. 
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DLS0US3I0N 

DR. JOHN H. GIBBON, JR., Philadelphia.—This presentation interests mo very much, 
nnd I think Dr. Beecher is to be congratulated on making this very careful study. I only 
rise to comment about it with tho hope that perhaps he will try mechanical respiration 
and see whether it alters the acidosis which he observed. Since Crafoord, ten years ago, 
hrst talked about using a mechauical apparatus to ventilate the lungs In the presence of 
an open thorax, we have been interested in the method. Dr. Mautz of Cleveland has con¬ 
structed a simpler apparatus for tho same purpose. Last November we obtained Dr. ilnutz' 
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apparatus through his kindness, and we also have the latest model of Crafoord's machine 
from Stockholm. Since then we have used these two machines on 76 patients; 66 of these 
had thoracotomies and 10 had upper abdominal operations. 

I hope Dr. Beecher will mention some of the difficulties of blood gas determinations 
in the presence of ether anesthesia. We have made arterial blood gas determinations 
with open thoracotomies using sodium pentothal curare anesthesia without any ether. 
The operations were from two to five hours’ duration. A needle was inserted in the brachial 
artery under local anesthesia. A blood sample was taken before the general anesthetic 
was started. Other samples were taken during, and just at the end of, the operation. 
With the Mautz machine, we had a significant rise in arterial CO, tension in only 1 case 
out of 5. In 6 of the 9 cases in which we used Crafoord’s machine, there was a slight rise, 
but not to the extent Dr. Beecher reported. 

I hope Dr. Beecher will trj"^ mechanical respiration and repeat his observations. 
Unfortunately, we have no arterial blood gas studies without mechanical respiration to 
compare with the results we have just mentioned. 

Finally, I think it is fair to point out, as Dr. Beecher has emphasized, that once an 
increase in alveolar COj tension occurs it is rather difficult to reduce it. In one case he 
was successful and in the other not so successful. I think what we all want to do is to 
avoid getting the increase if we possibl}' can. I think this is a verj-- interesting work, and 
I hope the study will be continued. 

DE. BEEGHEE.—^I would like to thank Dr. Gibbon for his remarks, and to say that 
the question he raised about measuring blood gas in the presence of ether is a fairly 
technical business, and I should like to discuss it outside the meeting as I do not believe 
it would interest enough of those here. I wondered if in his cases he had taken the blood, 
where he found a relatively small rise, before the mask was removed. Some of the COj 
elevations will adjust themselves very rapidly and others take a considerable period of time. 

I did not mean to imply that we had a closed mind about any ways of improving 
this situation. I am very sure, from the fact that these CO, tensions begin to rise before 
the pleura is opened when the respiratory minute volume and rate seem to be within quite 
reasonable limits, that a normal type of respiration is not the whole answer to correcting 
this difficulty. I still think it would be desirable for surgeons to consider the possibility 
of other operating positions for those cases. We anesthetists on our side must find im¬ 
proved ways of assisting respiration in these cases—improvements based upon determina¬ 
tions of arterial oxygen and CO, and pH. 
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BLOOD VOLUilK C’lIANOK.S IN TUBERCULOUS PATIENTS TREATED 
BV THORACOPLASTY 

FitVNK F. AiJJJKITTK.V, .Jit., JLD., llKHUflRT I.U'SIIL’TH, JI.D. (Dr ixmtation), 
Bkhkaku ,I. JIn.i.i'3t, H.D. (uv ixvrr,mo.\), and .John II. Gibbon, Jr., M.D. 
PlIIH\DELl-UL\, Pa. 

T he patient with pulmoiiarv tuliereulonis, wlicii pii'soiitcd for thoracoplasty, 
freipienlly has lost^wei>;lil, Ls anemic, nnj has had prolonged pulmonary 
snppnrution. The eirculatiin; hlood volume, the total plasma protein, and 
total hemoglohin are rarely measured althoiigii a diminished blood volume in 
dehilitated patients has lieen noted by Clnrk.= Uregeisen,” and Varco.” Though 
it would be su.siiected that jiatients witli far-ndvaneed pulmonaiy tuberculosis 
would fall into this group of patients, staged thoracoplasty is generally well 
tolerated. 

We have found (weasional patients who did not tolerate thoracoplasty well, 
and have heeu forced liy a rising luilse rate or falling blood pressure to terrain- 
alu the proeetlure before the desired collapse was obtained. This has occurred 
despite the fact that the blood last during the operative jirocedurc was ade- 
(luately replaced. This oeiuirrcd more freiiucntly during the second and third 
stages of thoracoplasty. A reduced blood volume might account for this. To 
obtain pertinent data, preoperativc blood volumes were determined, blood loss 
at operation was measured, and blood loss between stages of thoracoplasty was 
determined. The last determination has received little attention, and it occurred 
to Its this additional drain on a depleted blood volume might account for the 
fro(|Uoncy of shock in the later stages of thoracoplasty. 

No reference in the literature to changes in blood volume in patients with 
pulmonary tulierculosis was found. Blood loss during thoracoplasty and other 
thoracic procedures has licen reported. Stewart and Rourkc,'* using the acid 
heraatin method of blood lass dctenninatioii of Gatch and Little,' found the 
blood loss in four thoracoplasties varied from 400 to 000 c.c. Neither the 
disease of the patient nor the stage or e.xteut of the thoracoplasty was stated. 
Wiito and Buxton,” using the same method, estimated an average 700 c.c. blood 
lass rvith each of the tlu'co stages of thoracoplasty, but no attempt was made to 
detennino blood lost in the inteiwal between the stages. 

Thomas, Adams, and Thoniton,’” in their study of blood volume changes 
following intrathoracic operations, made no exact measurement of blood loss at 
tbe time of operation in mast instances. However, in five nontubcrculous cases 
they did determine tbe blood volume before and after operation using the 
method of Oib.son and Evaus'' adajited to the photoelectric microcolorhneter by 
Oiljson and Evelyn.’ After dotcrininiiig the erjdhrocyte count, hemoglobui, 
hematocrit value, plasma protein concentration pre- and postoperatively, and 
the surgeon’s estimate of the blood loss, they came to the conclusion that from 

From die Department of Surirical Reaoarcli, Jeffeivon lledJcal College. 
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a practical standpoint the hematocrit reading was the most valuable index in the 
determination of blood loss and blood replacement. Ebert, Stead, and Gibson,® 
in studying the response of normal subjects to acute blood loss, reported that the 
hematocrit reflected the direction of changes in plasma volume. Stewart and 
Eourke'^ found no relationship beGveen changes in the hematocrit value, hemo¬ 
globin, plasma protein, and the amount of blood lost. They concluded that 
these determinations should not be used as criteria for fluid replacement. Coller, 
Crook, and lob,® have coiToborated their findings. 

JIETHOD 

Blood lost at operation was determined by two metliods. All sponges were weighed 
before and immediately after use as described by Wangensteen,i. and weights wore deter¬ 
mined to the nearest 0.1 Gni. The difference in weight was taken to represent the weight 
of blood lost. Blood volume determinations were made before and after operation using the 
method of Gibson and Evans^ as modified by Gibson and Evelynu for u.so witli a plioto- 
clectric microcolorimeter. The blood was drawn without stasis from a large vein in the arm, 
usually the median antecubital. The syringe was then removed and the needle left in the 
vein. A known amount of Evans blue dye T-1824 in a calibrated syringe was immediately 
injected through this same needle. Blood samples were taken S, 10, 12, and 14 minutes after 
injection of the dye. The blood was allowed to clot and then was centrifuged at 2,000 r.p.m. 
for 15 minutes. Specimens showing hemolysis were discarded. The serum containing the 
dyo was drawn off by pipette, and a little over 1 c.c. was placed in a micro-absorption cell of 
tho plunger type, and light absorption was determined in the Evelyn colorimeter using a 620 
nm filter. Light absorption of the same specimen when using a 540 nift filter was then deter¬ 
mined to correct for unrecognized hemolysis. The galvanometer reading made with tlie 620 mp. 
filter was then corrected. The corrected galvanometer readings were then plotted against 
the time the dye samples were taken, and the galvanometer readings extrapolated to zero 
time were used to calculate the plasma volume. The blood volume was calculated from the 
hematocrit and plasma volume. Plasma protein concentration was determined by the copper 
sulfate method of Phillips and associates.!® Total circulating plasma protein concentration 
was calculated from the plasma volume and protein concentration. 

The procedure used in the present series is identical with that described by Miller, 
Gibbon, and Allbritteni® in this laboratory. The standard error of estimation as determined 
by Miller and associates!® was the same. It was determined by noting the difference between 
repeat determinations of blood volumes in twenty-five subjects. Tho repeated determinations 
were done on each subject within a twenty-four hour period. Tho differences lay between 
0.4 and 7 per cent. The mean experimental difference was 4 per cent. The standard error 
of estimation was ± 176 c.c. The preoperative blood volume determination was made the 
day preceding operation. The postoperative blood volume studies were carried out within 
30 minutes after completion of the operation. No patient was in shock. Blood loss was 
calculated by adding the amount of blood given during operation to the preoperative blood 
volume and subtracting the postoperative blood volume from the sum. 

The amount of blood lost between operative procedures was estimated by determining 
the difference between the postoperative blood volume of any given stage and the preopera¬ 
tive blood volume of the following stage of thoracoplasty and adding the amount of blood 
transfused during the same inteival. 


RESULTS 

Obsei’vation.s were made ofi ten patients with ]iulmonary tuberculosis treated 
by thoracoplasty. These consisted fir.st, of body weight changes that occurred 
prior to entering the surgical service; second, the amount of blood lost during 
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and liefwet'ii llie stu"ea of tlioracoidasty; thiitl, tlio amount of lilood needed to 
replace operative and interval loss; and finally the clianttcs that occurred in the 
hematocrit reading and total eirenlatiii!' plasma protein as a result of each 
stage of thoraeoiilasty. 

Ihsing normal standards of sex, weight, height, and age^ as a basis for 
estimation, three of the ten jmtients studied were of normal or greater than 
normal weight; seven jiatients were 8 to 33 iiotinds underweight. All had far- 
advanced pulmonary tubereulasis. Five patients hud unilateral disease, and 
five patients had bilateral di-sease with a eontrulateial pneumothoiax. 

Using the chart of (fibson and Kvans* to calculate the expected blood volume 
from the surface area of the jiatient. all except one iiatieut had a decreased 
circulating blood volume when admittcil to the surgical sciwiee. The minimum 
decrease was 4.5 per cent and maximum decrease 27.5 jier cent, and the average 
was 15.6 per cent below the blood volume cx))ceted. Clark and associate.s' 
stated that the blooil deficit should lie ealcniatcil on the basis of iLsual weight 
prior to illness. If the expected blooil volume bad been estimated from a 
surface area calculated from the normal weight for the jJatient's sex, height, 
and age,' the minimum decrease would have been 4.7 per cent, the maximum 
36.9 per cent, and the average doorcase 1H.5 per cent. 

The blood loss during a first stage thoracoplasty averaged approximately 830 
e.e., during a second stage, 480 e.e., and during a third stage, 400 c.o. These 
sums represent the difference between the preoperative and postoperative blood 
volume (Table I). \Vhen determined b.v the sponge weight metliod, the blood 
loss averaged 850 c.c. for a first stage, 400 e.e. lo.ss for a second stage, and 260 
c.c. for a third stage of thorucoiilasly. The correlation between the two methods 
of determining operative blood lass is shown in Pig. 1. 
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10 1 

110 

1 090 

404 

10 1 

95 

958 

480 

Third 

5 1 

07 

i 493 

202 

7 1 

7d 1 

858 1 

'397 


The average total operative blood loss when determined by differences in 
blood volume for those imtieuts undergoing three stages of thoracoplasty was 
1,670 e.e., and 1,430 c.c. when estimated by sponge weight method (Table If). 
The average operative loss for those patients who had a two-stage, seven-rib 
thoracoplasty was 1,520 c.c. as determined by the dye T-1824 method, while 
operative loss estimated by weighing the siionges was 1,220 c.c. (Table III). 

The blood lo.s 3 between the first and second stages of thoracoplasty averaged 
430 c.c. and in the interval beriveen the second and thii-d stages this lo.ss averaged 
702 c.c. (Table U'’). This figure includes the blood lost by one patient (C. K.) 
by an excessive hemorrhage after the operation. It this figure is eliminated, the 
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average loss betweeu the second and third stages is 445 e.c. There was no signi¬ 
ficant blood loss between the third stage and the time of discharge, while the 
average blood loss between the second stage and the time of discharge in the 
patients who had only two stages of thoracoplasty was 418 c.c. (Table V). 

The operative blood loss was inadecpiately replaced at the time of operation 
in four instances by amounts vaiyiug from 260 to 460 e.c. Three of these 
four patients received transfusions of blood upon return to their room. j\Iost 
patients received interval transfusions to replace loss of blood into the extra- 
fascial space in the interval between operations. 



Fig. 1.—Comparison of blood loss as determined by sponge-weighing method and dye (T-182I) 
method as observed in stages of thoracoplasty. 


Hematocrit and total circulating plasma protein concentration showed a 
trend only suggesting blood deficiency or overreplacement (Pigs. 2 and 3). 
Variations were too great to use these as a basis for accurate estimate of blood 
lost or blood overreplaced in indmdual instances. 

A miscellaneous group of eleven patients were followed from three montlis 
to one year after thoracoplasty. Five patients inth arrested disease had gained 
weight, and the blood vohunes had risen to a level nearly equal to the expected 
blood volume for the surface area. Of these five patients, one had bilatei-al 
tuberculosis with contralateral pneiunothorax and four had unilateral tubereu- 




Flff. t. —The relation of chanjfetf In total circulating pUunia protein to overreplacement 
or undorropiacement of blood at each stage of Uioracoplasty. Tlie Increase Ln grania In the 
total circulating plasma protein is cluirted as the abecls^ and the blood replacement In cubic 
centlraoten Is chart^ aa the ordinate. 
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Table II. Total Operative Blood Loss fob Sei’en Eib Tuoracoplasty Completed 

IN Three Stages 


cases 

estimated by i 

AVEIGHINQ SPONGES 

CASES 


ESTIAIATED BY 

DYE ilETHOD 

3 

Minimum 

1156 

7 

Minimum 



Maximum 

1776 


Maximum 

2672 


Average 

1427 


Average 

1674 


Table III. Total OPERATm; Blood Loss for Seven Eib ThobiVcoplasty Completed in 

Two Stages 



ESTliTATED BY 

ESTIAIATED BY 

CASES 

WEIGHING SPONGES 

DYE METHOD 

3 Minimum 

967 

1313 

Maximum 

1410 

1767 

Average 

1223 

1523 

Table IV. Interval Blood Loss Between Stages 


BETWEEN FIRST AND SECOND 

BETWEEK SECOND AND TUIRD 


STAGES IN 10 CASES (C-C.) 

STAGES IN 7 CASES (O.C.) 

Minimum I 

+14 

+254 

Maximum 

991 

2241* 

Average 

428 

702 



(445)t 


•Includes blood loss of patient (C.IC.) who had excessive hemorrhage. 
fEscludes blood loss of (C.Iv.). 


Table V. Interval Blood Loss Between Last Oper^vtion ^vnd Discharge 



BETWEEN SECOND STAGE AND 

1 BETWEEN THIRD STAGE AND 


DISCHARGE IN 3 CASES (C.C.) 

DISCHARGE IN 7 CASES (C.C.) 

Minimum 

203 

+736 

Maximum 

725 

543 

Average 

418 

+10 


Table VI. Calculated Total Interval Loss 


CASES 

THREE STAGES 


CASES 

TWO STAGES 


6 

Minimum 


3 

Minimum 

771 


Maximum 



Maximum 

1025 


Average 



Average 

884 


•Interval blood loss of patient (C.K.) eliminated because of excessive Interval hemorrhage. 


Table VII. Total Blood Loss During Thobvcoplasty 


CASES 

THREE STAGES 

1 

CASES 

TWO STAGES 


6 

Minimum 

1934 

3 

Minimum 

2168 


Maximum 

2984 


Maximum 

2792 


Average 

2385* 


Average 

2407 


•Inter\’al blood loss of patient (C.K.) eliminated because of excessive interval hemorrhage. 


losis. The other six patients still had active pulmouaiy tuberculosis. These 
six patients had not gained weight, and the blood volumes had not increased 
above the preoperative figures. 

DISCUSSION 

It has been pointed out by several investigatoi-s, Clark and associates,^ 
Gregersen,^® and Varco,^® that a patient with chronic illness generally has a 
decreased circulating blood volume. In ten patients with pulmonary tuberculo¬ 
sis, it was observed that although the weight of three of the patients was normal, 
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or utx)ve noriiml, the blood volume was decreased in all but one, aud, when 
estiniatetl In- stirfaee area, averaged 15.6 per ceut below the expected figure. 
Seven of the patiettt.s bad lo.st weight, and two of the patients retittired repeated 
blood transftisions before thoracoplasty eotild be started. Clark and associates^ 
statctl that correction of blood voluiiie deficits by Iransfitsion has proved to be 
the moat important single factor in the preparation of such patients for surgery. 
Blood replacement during the operation and in the iidei-vals between the stages 
of thoraeoi)histy is ctitially important. It is during these intenals between the 
stages that an unrecognized loss of serosangtiineous Iluid bito the operative 
wound space occurred. The long ])asteroluleiaI incision, multijde periosteal 
incisions, and the creation of a large cxtrufaseial space are all conducive to 
exudation. The siinec createil by the resection of the upper three to five ribs 
remains until obliterated by subs('t|Uent operative inoeedures. Although it was 
known that blood and Iluid did extravusate into the space, it was thought to be 
of little consctpienec. The tvsults of these determinations showed that the 
amotuit of blood lost in this manner is significant and that chronically ill pa¬ 
tients undergoing a multiple stagotl operative procedure will bo aided by the 
replacement of the blood lost during that time. Though blood loss at operation 
was adetiuatcly replaced, oe-casionally thonicoplasty bad to bo discontinued after 
giving the anestliotie, for the intlse rate rose and the blood pressure decreased 
beyond an acceptable point. This o<-cttrred more commonly in patients with far- 
advanced bilateral disease and in the second aud third stages of thoracoplastj'. 

Corroborating the work of Stewart aud Rourke’* and Coller and associates,’ 
it was found that neither the hematocrit nor the total circulating plasma pro¬ 
tein were reliable indices of the need of blood replacement fTriffln and asso¬ 
ciates,” also found that the plasma volume and the total circulating plasma 
albuntin varied so widely in normal indinduals that they were of no value in 
estimating dehydration or protem depiction in patients with malnutrition. 

Clark and as.soeiates’ .stated that restoration of the blood volume preceded 
significant recovery of weight during recuperation fi-om debilitating illness. 
Our i-csults corroborated this statement. Patients with quiescent or arrested 
disea.so have shown a return of their blood volumes to a noi-mal range, a weight 
increase, and a tolerance for mild exercise. In those patients with persistent 
active disease the blood volume remained low or decreased. 

SOJIMARY 

1. Ten imtients with pulmonary tulrerculosis bad a dcei-cased blood volume 
upon their adndssion to the surgical service. 

2. Blood lost during the stages of thoracoplasty was measured by the 
sponge weight method and calculated by differences in circulating blood volumes 
before and after operation. 

3. There is a significaTit loss of blood between stages of tlioracoplasty. 

4. Blood replacement is required at tlie time of operation and during the 
intem-al beriveen the stages of thoracoplasty to maintain an optimum bipod 
volume. 
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5. Neither the hematocrit uor the total circulating plasma protein is an 
accurate indicator of the amount of blood lost or replaced. 

6. An increase in the circulating blood volunie of the patients studied par¬ 
alleled their general clinical improvement. 

The technical assistance of Mr. Franz Goldstein is gratefully acknowledged. 
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DISCUSSION 

DR. D. H. AVATEEMAN, Enoxville, Tensu—To my mind this is a highly significant 
paper, and one I do not wish to let go without discussion. In spite of the dramatic things 
that are occurring in thoracic surgerj', we must not lose sight of the fact that thoracoplasty 
is the common operation that we are doing day in and day out, and that the excellent data 
Dr. Allbritten and his associates have presented certainly point the way to more adequate 
management of this large group of patients. 
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I there nro no longer thomcie vargeonn who pride themBclvon on never using 

tmnsfusloE in thorucoploBty; i«ouie ycare ago that ^vns a not uncommon attitude. I am sure 
that nil of us now routinely use transfusion in every rase of thomeoplosty, and that many 
of UB aro coming to the point of giving a transfusion In the interval between stages as welL 

I might mention tliat in our own serlcH wo hove routinely, in the last 100 cases of 
thoracoplasty, given two pints of blood at the llrst stage and one at each of the succeeding 
stages, with quite u largo porccnlnge of patients now receiving nnother 600 eu;. transfusion 
in tho interval. I am happy to sco that these data have coniirmcd the clinical impressions 
wo have had that there must bo a further bloisl loss during this interval. I wish again to 
congratuloto Dr. Allbrittcn on this study. 

DK. HOLiLVN, Hjm Kraneihco.—I too wish to congratulato the speaier on 

these significant findings, I tliought you might be inten*«te<l in a little Indirect ovidenco of 
tho decreased blood volume in these patients. (Slides.> 

You aro all aoquuiutcil with llie change in siie of the heart that corresponds with blood 
loss imposed on a dog, for einniplo; this U tho normal heart alie. Remove 300 c.c, of blood 
and wo have a heart that is correspondingly Hujallor; remove 300 e.c. more blood and tho 
heart bocuniea oven smaller. Restore the blood and it is a little larger than the original 
heart, becaxiso in the meantime the circulating bloo«l lias been Increasoil by accretions from tho 
blood reserA'oirs, such os the spleen and bmly tisauo>. No doubt you Imvo all noted the verj* 

small Iieart (slides) in tho preteuce of pulmonary tul)erculosis, which wo have been ascribing 

to a decreased blood volume. About tea years ago a young Chinese doctor, Chang, studied 
tho blood volurao in tuberculoas patients in our clinic. Vnforlunately, probably due to the 
limitations of tho method us^h], they nil turue^l out normal. Tlie studies this morning indicate 
that our thesis ^vas Kiund, and that tho small heart noted in tuberculous imtients may bo 
considered indirect eWdence of a decreased blood \oIuiue in these patients. 

DR. ADRLVN I^VMBERT, New Vork.—I have been interested in these cases that 
como to surgery for tubervulusis, esp^viuUy in patients with tuberculous empyemas who havo 
not been able to withstand surgi'ry. In lO-H, we had on’asiou to do some isolated blood 
\tilumo studies and fonnd, os Dr. AJlbrilten did, lliat their blood volumes wero low. We, 
therefore, wont about looking for blood for them, which was not nvnilablo; we appealed to 
the Red Cross, and they gavo u» j'Onie nd blo<Hl cells which wo mhte<l vrith 10 per cent com 
syrup according to tho method of Thallieimer, os published hy ThaJheimer and Stephens. 

This allowed us to keep tho blood viable and m+eful for more tJmn thirty days, and we 

gave four transfusions a week for four weeks to a series of approjcimately ten patients on 
our wards who were debilitated, mth chronic draining wounds. These patients, after this 
treatment, looked as if they hud been to tnorida; they were florid in complexion and under¬ 
went certain changes which wero iateresting. They began to gain weight, their appetites 
increased, and tho character of tlieir wounds clmnged. The granulations become piak and 
whereas, before, tho type of suppuration and purulent material was profuse and thick, it 
dried up and the secretions became quite watery. We used that as a preoporativo measure 
and thought it enabled them to witlifltanJ surgery which they wero not othenvise able to do. 

DR, ALLBRITTEN, JR.—I wish to thank the disoussorB. Wo are not aware of any 
provions deteraiinations of circulating blood volume in patients with pulmonary tuberculosis 
or the amount of blood lost in the intervals between stages of thomroplnsty. 

Though patients generally receive blood transfusions during thoracoplasty there is a 
tendency to undorestimate the requirements for adequate replacement unless the approximate 
figures as based upon actual measurement are kno^vn. 



PULMONARY CIRCULATION AND ALVEOLAR \^NTILATION— 
PERFUSION RELATIONSHIPS AFTER PNH^UMONECTOMY 

A. CouKNAND, jil.D., R. L. Riley, M.D. (by ixvitation), A. HniiiELSTEiN, M.D. 
(by ixvitatiox), axd R. Austrl\x, M.D. (by invitation) 

New York, N. Y. 

T he resection of one lung necessitates readjustments in the mechanics of the 
chest bellows and a redistribution of blood flow and ventilation through the 
remaining lung. Several problems concerning the manner in which these adap¬ 
tive processes take place are of interest to the thoracic surgeon, the physiologist, 
and the pathologist. In three previous papers, phy.siologic studies have been 
z-epoited on the effect of pneumonectomy in a group of 4 young children fol¬ 
lowed up to adult age^’ - and in a gi-oup of adults followed for a short period 
of time.® The techniques available when these reports were made included the 
measurements of (a) lung voliunes, (b) maximum breathing capacity, (c) dis¬ 
tribution of tidal air throughout the lung, (d) ventilation, and (e) arterial blood 
oxj’gen saturation imder varring states of activity. The follovdng tentative 
conclusions were reached on the basis of the data obtained with these techniques: 
(1) A single lung, prorided it is maintained wdthin its normal confines naturally 
or following a thoi*acoplasty, is capable of a high degree of efficiency in both the 
ventilatory and the respiratory aspects of pulmonary function; (2) pulmonary 
distention, defined as a greater than normal size of the remaining lung in forced 
expiration, is not functionally desirable in young and adult subjects as it limits 
the ventilatory capacity of the chest bellows and causes a reduction in the arterial 
oxA’gen saturation during a severe type of exercise; and (3) fixation of the 
mediastinal contents in their normal position, following the use of pneumothorax, 
oleothorax, or thoi’acoplasty corrects the latter disturbances. Birath,^ who was 
concerned chiefly vdth the ventilatoiy aspects of the adaptation, has since con¬ 
firmed that a distended lung loses some of its efficiency in distribnting tidal air. 
Since these studies were undertaken two new methods have been introduced in 
clinical investigation; that is, cardiac catheterization^ and the measurement of 
partial pressures of carbon dioxide and oxj^gen in the arterial blood,®’ “ which 
methods might give interesting information regarding the effect of pneumonec¬ 
tomy upon the pubnonarj^ ventilation and circulation. "With the cardiac cathe¬ 
terization technique, it is possible to study the variation in pulmonary blood 
flow and pulmonai’y arterial pressure'' ® at rest and during a steady state of 
moderate exercise. By combining the data obtained from the measurement of 
partial pressures of carbon dioxide and oxygen in arterial blood with some of 
the data obtained by catheterization of the heart the relationships existing 
between alveolar ventilation and perfusion of pulmonaiy capillaries may be 

From the Departments of Medicine and Surgerj-, Coiunibia Universitj- Coilege of Phy¬ 
sicians and Surgeons, and the Chest Service (Columbia Lmlversitj- Division), Bellevue Hospital. 
This -work was supported by a grant from the Commonwealth Fund. 

Read at the Twenty-ninth Annual Meeting of The American Association for Thoracic 
Surgerj', New Orleans, La., March 29-31. 1949- 
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closely invcstigntc(l.'“ The mciisui-ement of partial pressures of oxj’gen iu the 
arterial hlood is a more sensitive index of the state of oxygenation of the arterial 
blood than the mcaanroinent of the oxygen sjitnmtion, heeansc of the character¬ 
istics of the oxyhemoglobiii dissociation cui’ve as it approaches full oxj'gen 
saturation. The studies to he reimrtcd in this pai)cr ai-e based upon analyses 
of the data obtained with Iwth these methods and also mth the methods previ¬ 
ously ased. The 16 cases which were investigated olfer a gi-eat diversity with 
regard to the nature of the pathologic proec-ss prior to pulnionarr’ resection, the 
time interval after pneumoucetomy, the age of the subject, and the ])resence 
or ah.sonce of a thoraeo])lasty. 


JtATERLVL FOR STUDY 

The 16 cases which form the basis of this report may he divided into two 
groups. A first group (Gruu|) I) of 7 imtienls was .studied withui the first five 
months following pneumonectomy, and a second group (Group II) of 9 patieirts 
was studied from 26 to 131 moutirs after pircumoncctomy. 

lit Tables I and II are summarized the physical characteristics aud the 
essential elittioal data at the time of the latest study. 


TABIJ: I. I’UYSIC.IL ClLULVCTtTUSTlCS .\XD CUXICAL DATA IK A OnOUP Or 7 CASES STrUlIED 
■Within a Few Months ArrEi; PNEuuoNECTOiiv (Group I) 







BODV 









BlTtFACE 









ARF,\. 


DATE OF 

DATE OF 

StmjECT 1 





(KQ. U.) 

DUGK081S 

HESETTION* 

arUDIES 


G. n. 48 M Uj 177 1.81 


V. Ab. S5 M 

A. Am. 24 it 

C. Ro. 22 P 

J. Ra 15 M 

0. MeU 34 U 

J. Rnt. 67 M 


72 171 1.33 

75 1119 1.80 

50 150 1.43 

64 104 1-5# 

44 100 1.40 

54 167 1-83 


Broachiectasig, loft 
pncamODCCtomy, 

DO thoracoplasty 
Bronchiectasis, 
bJlatcnU pulmonnrj' 
emphysonm; riglit 
pneumonectomy, 
no thoracoplasty 
Bronchiectasis, left 
poeumonectomy, 
thoracoplasty, 
no scoliosis 
Tubercular atonoals 
of left bronchus, 
left pneumonec¬ 
tomy, thoracoplasty 
no scoliosis 
Tubercnlor stenosis 
of right bronchus, 
right pneumonec¬ 
tomy, thoraco¬ 
plasty*, no scoliosis 
Bronchiectasis, right 
pneumonectomy, 
thoracoplasty, 
scoliosis 
Bronchiectasis, 
lung abscess, left 
pneumonectomy, 
thoracoplasty, 
scoliosis_ 


4/ 0/48 

6/12/48 

0/27/47 

0/12/47 

10/14/47 

10/20/47 

10/ 2/47 
1/22/48 

5/ 7/47 

0/17/47 

5/18/48 

11/10/48 

8/ 0/47 

1/20/4S 

0/28/48 

0/ 2/48 
9/27/48 










82 


THE JOURNAL OF THORACIC SURGERY 


Table II. Physical Characteristics and Clinical Data in a Group op 9 Cases Studied 
Several Tears After Pneumonectomy (Group n) 


SUBJECT 

AGE 

(TR.) 

sex 

WEIGHT 

(kg.) I 

HEIGHT 

(Oil.) 

body 

SURFACE 
AREA 
(SQ. M.) 

DIAGNOSIS 

date of 

RESECTION 

DATE OP 
STUDIES 

H. W.* 

17 

P 

59 

165 

1.65 

Bronchiectasis, left 
pneumonectomy, 
no thoracoplasty 

10/ 5/37 

11/10/48 

2/15/49 

R. G.» 

21 

SL 

63 

177 

1.78 

Bronchiectasis, left 
pneumonectomy, 
no thoracoplasty 

2/18/38 

12/19/47 

S.R. 

41 

M 

80 

173 

1.93 

Lung abscess 
(foreign body), 
right pneumonec¬ 
tomy, no thoraco¬ 
plasty 

11/15/45 

12/17/47 

J. Lo.* 

19 

A1 

66 

171 

1.78 

Broncliiectasis, left 
pneumonectomy, 
no thoracoplasty; 
pulmonary disten¬ 
tion 

11/10/39 

9/21/48 

J. Eus. 

Gl{ 

M 

46 

158 

1.44 

Squamous-cell bron¬ 
chial carcinoma, 
right pneumonec¬ 
tomy, no thoraco¬ 
plasty, nonobstruc¬ 
tive pulmonary 
emphysema 

2/27/46 

4/ 1/46 
5/ 5/48 

V, Wat. 

721 

M 

65 

175 

1.79 

Oat-ceU broncliial 
carcinoma, left 
pneumonectomy, 
no thoracoplasty, 
nonobstructive pul¬ 
monary emphysema, 
systemic arterial 
hypertension 

8/ 2/41 

12/12/41 
1/26/44 
9/18/44 
9/ 7/48 

D. Al.t 

66 

M 

62 

179 

1.79 

Transitional cell 
bronchial carcinoma, 
bilateral obstructive 
emphysema, arterio¬ 
sclerotic heart dis¬ 
ease, left pneu¬ 
monectomy, no 
thoracoplasty 

11/23/40 

12/15/41 

2/23/44 

E.Ee.t 

391 

il 

53 

175 

1.64 

Bronchiectasis, left 
pneumonectomy, 
thoracoplasty, no 
scoliosis, bronchiec¬ 
tasis right middle 
lobe, slight pul¬ 
monary distention 

7/18/41 

3/18/48 

P. I.t 

53t 

AI 

69 

178 

1.86 

Tubercular stenosis 
of right bronchus, 
right pneumonec¬ 
tomy, thoracoplasty, 
slight pulmonarj’ 
distention, mild 
systemic arterial 
hypertension 

5/19/41 

8/10/42 

12/13/48 


•Cases reported in J. Thoracic SURg. 10; 30. 1947. under same initials, 
-fCases reported in Ann. Surg. 110: 532, 1942. under same initials. 

LVge at time of latest study. 
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IICTUODS 

1. The following meusui'emenis were made routinely in the 16 cases and 
were usually lepcated at intervals in the 9 eases of the second group; (a) Lung 
volume and maximum breathing capacity; (h) puhaonaiw emptying rate or 
index of intrapulmonary mixing; (c) ventilation and gas exchange at rest, 
during a standard exercise test of one minute’s dunition, and during the firat 
five minutes of recoverj’ following the excrcLsc. The techniques used in these 
routine studies have been desi-rilMHl in detail recently." In the same report 
may bo found standard values for normal individuals, which vary witli age, sex, 
and ixKly size. 

2. The study of the relalionshii)s between alveolar ventilation and alveolar 
perfusion was based on techniques recently dcvelojicd, and on a physiologic 
interpretation of the data obtained by these techniques. The teclmiques coiusist 
of; (a) The collection of blood samples fiom tlic brachial arterj- through an in¬ 
dwelling needle and the deteraiinntion in these samples of the carbon dioxide 
(pCOj) and oxygen (pOjl tensions by the bubble tcchniiiue developed by Rile.y 
and associates;’ (b) the siimdtancous collection of mixed venous blood samples 
using the tcehniquo of cardiac catheterization and the determination of 0i con¬ 
tent and the 0- .saturation in these samples; (c) the simultaneous measurement 
of the ventilation and of the CO, output and 0 , intake from which the respira¬ 
tory quotient may he calculated. These mcasiuements are made at rest, under 
basal conditioius and during the steady state attained after ten to twelve minutes 
of a moderate exorcise with the subject breatbing room air. The exercise was 
of two t.vpes; a leg exercise with the sitbject in the nyumbent position, flat on 
his back, atid/or a bicycle exercise. 

On the basis of physiologic concepts developed by Lilienthal and co-Avorkers* 
and more recently exi)audcd by Riley and Cournand,’’ the data obtained by 
these tcehniqnes may he used to analyze the venti]ntion-])erfusion relationships 
in the lungs starting with the concept of “ideal’’ alveolar ox)'gen and carbon 
dioxide tensions. These ideal tcnsioiLs are those which the alveolar air and the 
blood Icasung the pulmonarv capillaries would have if there Avere homogeneous 
ventilation and ])erfusion of the alveoli throughout the lungs and if the gas 
tensions in the alveolar air and in the capillai-y blood i-eaehed perfect equi¬ 
librium. The ‘‘idenl’’ alveolo-arterial pO, gradient residts chiefly from the fact 
that all alveoli do not contain “idcar’ ah-eolar air because the ventilation-per¬ 
fusion relationships vary. 

To facilitate the quantitatiA-o analysis of ventilation-perfusion relationships, 
aU pulmonarj- alveoli may l>c considerod as if they fell into one of three cate¬ 
gories; (1) “ideal” alveoli Avith “ideal” ventilation-perfusion relationships 
(“ideal” pO, and pCOj); (2) alveoli Avhich aro perfused but not ventilated 
(mixed venous blood partial pressures); and (3) alveoli AA-hich aro ventilated 
but not perfused (inspired air partial pressures). If total pulmonary blood fioAV 
(cardiac output) is knoAvn, it is then possible to calculate tlie effectiA-e pulmonary 
blood floAv, Avhich is the portion of total pulmonar.v blood floAV perfusuig “ideal” 
alveoli. The ratio of effective pulmonarj- blood floAv to total puhnouarj' blood 
flow in the absence of a true shunt provides a quantitative estimate of tlie 
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physiologic importance of alveoli which are well perfused but poorly ventilated. 
If total ventilation is knowm, it is possible to calculate the effective alveolar ven¬ 
tilation, which is that portion of total ventilation distributed to “ideal” alveoli. 
The ratio of effective alveolar ventilation to total ventilation provides a quan¬ 
titative estimate of the physiologic importance of alveoli which are well ven¬ 
tilated but poorly perfused. 

A schematic representation of these relationships is given in Fig. 1, in which 
ventilation is considered as a continuous process. 



Flgr. 1.—Schematic representation of ventilation, perfusion, and gas exchange.” 

The symbols represent 

a. The composition of resplratorj- gas (partial pressure or content) : In I, Inspired air: 
E, expired air; V, mixed venous blood; Ar, arterial blood; Al, "Ideal” alveolar air; C, blood 
leaving "ideal” alveoli. 

b. The rate of flow la liters per minute: Va effective venUlatlon; P, effecUve pulmonary 
blood flow; VTj total ventilation; GO, total pulmonary blood flow. 

The volume of gas, with tlie composition of inspired air, bypassing the “Ideal” alveoli, 
is Influenced by the anatomic size of the bronchial tree, the gaseous diffusion between terminal 
bronchioles and alveoli, and the proportion of poorly perfused or nonperfused alveoli. 

The volume of blood with the composition of mixed venus blood by-passing the “Ideal” 
capillaries Is influenced by the proportion of poorly ventilated or nonventllated alveoli. 


In nonnal individuals effective pulmonary blood flow constitutes at least 
94 per cent of total pulmonary blood flow and the effective alveolar ventilation 
constitutes at least 70 per cent of total ventilation. 

Deviations from these nonnal percentage figures, in the absence of technical 
errors, are of three types, the de.scription and interpretation of which follows: 

1. A reduction of both effective pulmonary blood flow and effective 
alveolar ventilation below the normal percentage indicates abnormal¬ 
ities of distribution of ventilation and perfusion throughout the lungs, 
the extent of which is determined by the calculated percentage. 

2. A reduction of the effective pulmonaiy blood flow below the normal 
percentage, combined with an effective alveolar ventilation ivithin the 
normal percentage range, indicates either passage of blood through 
totally unventilated portions of the lungs (true shunt) or circulation 
through poorly ventilated alveoli. 
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3. A reduction of tlie effective alveolar ventilation below the normal 
percentage combined with an effective pulmonniy blood How -within the 
normal percentage i-aiige indicates restriction of the circulation through 
wcll-vcntilatcd parts of the lungs. 

The following formulas were used in thc.<;e calculations: 

1. *^Idcnl” nlv. jiO, = Iiifp. pO„ - 
wlicre 

"Ideal'’alv. j>0, = "Ideal’* alveolar oxj'gen teimion in mm. Jig 

Insp. pOw = imrtlal prcMuro of oxygen in inupircd nir in mm. Ilg correeteU for differenco 
in volume l>et\veen iiifplroil nir and alveolar air 
Art. i>CO, = Arterial blood earbon dioxide partial pressure io njm. Ilg 
R.Q. = Renpirator}' quotient 

2. EJ’.BJ'. = TJ>.B.F, x f 1 - ] 

f X - .mvbJ 

^vl^ero 

E.P3J. = Eflcctlve pulmonary blocMl flow lu liters j)er minute i)er m* B.S. 

T.P.B.F. = Total pultnooury blood flow in Jitern per roinufe per ui* B.8. 

X = "Ideid” enpillary blood O, wituration per cent 
jVJI = Arterial bloo-l oxygen gatumtlon per cent 
MVB = Mixeil veaoun bluo-1 oxygen naturotiou per ceut 

3. Alv. Vent, 

wlioro 
jVIv, Vent, 

Tot. Vent, 

Art. pCO, 

Exp. pCO, 

Studies were also pcrfomicd with the subjects at lost, breathing a mixtui'e 
of approximately 12 per cent ox>'gcn in nitrogen. Contrarj' to the situation 
whieli obtains during breathing of room nir, nearly perfect CKiuilibrium between 
alveolar and the pOj of tlic blood leaving the alveolar capillaries is not 
rcaclicd during low oxygen breathing. Under tliese circumstances the ulveolo- 
artcrial pO^ gradient is related chiefly to the diffusion churactciistics of the 
tissue-fluid Ijarricr (the “pubnoiinry mcmbniuc^’) between the blood and gas 
phases. In normal individuals this gradient is below 12 mm. Hg. From this 
gradient the diffusion constant for the lung as a whole can be estimated. 

RESULTS 

The results in the two groui>s will be discussed separately. 

Group I 

The data obtained from tbo 7 patients of tliis group nra tabulated in Tables 
III, IV, V, VI, VII, XII, XIV, and XTV, and may bo compared in these tables 
uith normal or predicted \tiIucs. Measurements were made only once between 


= Tot. Vent, x [ 1 - Art. pCO. - E,p. pCO.-l 
i- Art. pCO, 1 

= AUx'olar voalllution in Iltern por luiaute por ru’ H.8. 

= Total vcntilntioQ in Utora per mlootc per B.S. correetetl for tlie elTevt of 
apparatus (lend Hpa(*o 

= Arleriul onrlwu dioxide partial prewurv in mm. Ilg 
=: Expin'd cotIkjq dioxldo imrtiol iirossurc in mnn Ilg 
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♦Predicted volume of a liomologous single normal lung. 
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pneumonectomy _ 

•Predicted volume of a homologous single normal lung. 

tPredlcted maximum breathing capacity for a normal subject with Intact chest and lungs and of the same age, sex and size. 
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Table VII. Effective Alveolar Ventilation and Effective Pclmonary Blood Plow in 7 
Cases Studied Within a Pew Months After Pneumonectomy 


SUBJECT 

STATE 

ALV. 

ARTERIAL 

po, 

GRADIENT 

(MM. 

HG) 

PULMONARY 
BLOOD FLOW 

RiVTIO 

B 

A 

PULMONARY 

ventilation 

RATIO 

D 

C 

TOTAL 

(A) 

(liters 

PER MIN. 
PER M2 
B.S.) 

EFFEC¬ 

TIVE 

(B) 

(LITERS 
PER MIN. 
PEE iI2 
B.S.) 

TOTAL 

(c) 

(LITERS 
PER MIN. 
PEE M2 
B.S.) . 

EFFEC¬ 
TIVE ALV. 
(D) 

(liters 

PER 

MIN. PER 
M2 B.S.) 

iSTormal 

Eest 

>12 

3.10 

2.95 

>94 

3.82 

2.97 

>70 

G. H. 

Eest 

16 

4.68 

4.26 

91 

4.10 

2.66 

65 

V. Ab. 

Eest 

16 

— 

— 

91.2* 

4.08 

2.74 

67 

A. Am. 

Eest 

14 

— 

— 

92.9* 

5.65 

3.50 

62 

C. Eo. 

Eest 

4 

3.21 

3.15 

98 

4.43 

3.28 

74 


Exercise 

12 

4.37 

4.30 

98.0 

12.30 

9.80 

79 

J. Ea. 

Eest 

11 

- 

- 

95.1* 

3.54 

2.52 

71 

C. McL. 

Eest 

22 

- 

- 

92.6* 

5.37 

3.60 

67 

J. Ent. 

Eest 

19 

- 

- 

92.8* 

5.21 

3.54 

68 

Average of 

7 cases 

15 

- 

- 

93.4 

4.63 

3.12 

68 

at rest 









Average of 2 cases at 








rest in wliicli MA^B 








was sampled 

10 

4.15 

3.56 

94.5 

4.27 

2.97 

70 


•In cases where the mixed venous blood oxygen saturation was not determined directly, 
the ratio of_ effective to total blood flow was calculated assuming a mixed venous blood 
samratlon 25 per cent lower than the determined arterial blood saturation on the basis of the 
following formula: 


Effective blood flow 
Total blood flow 


X 100 


Art blood O; sat. % - mixed 

venous blood Oa sat % _ 

Total caplllar>' Oj sat % - 
mixed venous blood Os sat % 


arterial blood during room air breathing was slightly below the accepted normal 
value and the alveolo-arterial p02 gradient was slightly elevated. Using these 
figures for the calculation of effective pulmonary blood flow and of effective 
alveolar ventilation expressed in per cent of total blood flow and of total ven¬ 
tilation, it was found that both were slightly below normal standard values, 
respectively 93.6 and 68 per cent. 

8. The average alveolo-aiTerial pO™ gradient while breathing a low oxygen 
mixture was within the normal range in all cases. 

9. The total pulmonary blood flow and the pulmonaiy arterial pressures 
measured in 2 cases in the resting state were normal. 

Comment .—It is apparent from these results that in this group, studied 
shortly after the resection of one lung, a slight degree of pulmonary distention 
was present at the time of study. A combination of reduction in maximum 
breathing capacity and of hj^perventilation reduced the breathing reserve to 
one-half of nonnal. Keadjustments in the distribution of alveolar ventilation 
and perfusion through the remaining lung were not perfect; compared with a 
normal lung a .slightlj^ greater proportion of alveoli were weU perfused but 
poorly ventilated and also a slightly greater proportion of alveoli were weU 
ventilated but poorly perfused. Finally, there was no evidence of hj^iertension 
in the pubnonary circidation at rest, uidicating that the vascular bed of the 
remaining lung was able to accommodate a twofold inciease in pulmonary blood 
flow in a normal manner. 
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Citses .—Study of the duta in the iiulividunl cases of this group 
shows that the physiologic udjustinouts, apparently influenced by several factors, 
were (\uite variable. 

1. In two patients, J. Ru. and C. Ko., aged 15 and 22 years rcsj>ectively, all 
the data indicate that the reiuaining lung was in all respects uonnal (Fig. 2). 
In both patients resection of the contralateral lung had been iMjrformed for 
bronchial stenosis of tuberculous origin and had been followed by thorneoplasri'- 


SIZE OP the luno 

W OP A single NORMAL LUNG 



maximum ventilation 
IN % OP PREOlCTEO value 
FO« BOTH LUNGS 



EFFECTwe ALVEOL^A vEwrtLATCN 
IH «Ki OF total ’^NTILATON 


I l| 


EPPECTrvt FLLMOMAf^ BlOCO PLOW 
IN OP total blooo plow 
100 + 



I II 


NL ® ® 


PAEOPERATlvE CD T8C Ll BRONCHO* 
OLAGNOSIS (3 TBC nr en»<Hk;* 


A0£ IN VR5 0) 22 
IZI 10 


TIMG INTERVAL® I »OHTH 
SINCE PltUMONECTOW o • MOMTHJ 


P06TCP€RATK/E ® TH0R>C0Pt.A5TY 
CXAONOSIS ® THCftACOPLA»TY 


Plff. 2.—Effective alveolar ventilation and pulmonary blood flow In 3 case* with no dUtention 
of tho lunR itudled »hortly after pneumonectomy, (i) Caae C. Ro. and (3) Ca*e J. Ba. 


After pueumoueetoiny and tlioracoplaaty tlie size of the remaining lung 
during deep inspiration and forced expiration wag entirely comparable witli that 
of a homologous normal lung. The maximum breathing capacity was, respec¬ 
tively, 73 and 85 per cent of tho pi-edicted value for both lungs in a normal sub¬ 
ject, Tho breathing reserve during exercise and the first minute of recovery was 
significantly larger tliaii the average value for the group. The arterial blood 
oxygen saturation at rest and following exercise was well within nonnnl limits. 
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The effective pulmonaiy blood flow at rest was in these two patients, respec¬ 
tively, 98 and 96.1 per cent of the total pulmonary blood flow, and during a 
steady state of moderate exercise increased to 98.5 per cent of the total flow in 
the ease of C. Ro. (Fig. 8). The effective alveolar ventilation was, respectively, 
74 and 81 per cent of the total ventilation. All these figures are Avell Avithin the 
normal range. 

Pulmonary blood floAV and pulmonaiy arteiial blood pressures measured in 
the case of C. Ro. Avere also normal at rest. 


SIZE OF THE LUNG 
IN 9b OF A SINGLE NORMAL LUNG 



MAXIMUM VENTILATION 
IN9fa OF PREDICTED VALUE 
FOR BOTH LUNGS 



EFFECTIVE alveolar VENTILATION 
IN % OF TOTAL VENTILATION 


EFFECTIVE PULMONARY BLOOD FLOW 
IN % OF TOTAL BLOOD FLOW. 



100 



NL ® ® 


PREOPERATIVE 

DIAGNOSIS 


(5) BROMCHIECCkSS IT 
(3) BnoMwiecTAas u 


AGE IN YRS. (I) 46 
® 24 


time INTERVAL @ ikonth 
SINCE pneumonectomy® 3M0NTHS 


POSTOPERATIVE ® no THOftAcopiASTT 
DIAGNOSIS C3) THORACOPLASTY 


Fig. 3.—Effective alveolar vendlation and pulmonary blood flow In 2 cases with no distention 
of the lung, studied shortly after pneumonectomy. (3) Case G. H. and (•}) Case A. Am. 


In suumiary, the remaining lung in both these cases Avas not distended and 
under the conditions of studj" behaved in an entirely nonnal manner. 

2. In tAA'o other patients, A. Am. and G. H., aged 24 and 48 years respec¬ 
tively, the data shoAV that abnormalities in the distribution of alveolar ventilation 
and peiffusion were present (Fig. 3). In these 2 patients the contralateral lung 
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hud been resected for elironic sni)puralion, associated with orgnnizuig imetmionia 
and fibrosis, and in one case tho pncninoneotoniy was supplemented by thoraco¬ 
plasty. 

Witliin tlie ne.\t sever-.d weeks tlie remaining lung in both tliese cases bad 
not Ijccomo distended, as shown by tlie measurements of lung volume. Tlie moxi- 
muni breathing ea])ueity was, respectively, 74 and 84 per cent of tlie predicted 
value for two lungs. The breathing reserve was as largo during the standard 
exorcise test and the first minute of recovery ns in the two previous cases. In 
one patient the arterial oxygen saturation was slightly below tho lower level of 
nonnal at rest, and the carlion dioxide tension was normal. 

Respiratorj' gas tension a(udie.s, however, indicate that tlie effective pulmo¬ 
nary blood ilow was reduced to, ies])cotivcly, 92.9 and 91 per cent of total lilood 
flow, and that the effective alveolar ventilation was also reduced to, respectively, 
62 and 65 jier cent of total ventilation. 

Tho pulmonary blood flow and pnimonarj' arterial pressure measured in 
G. H. wore normal at rest and during a steady state of niodeiate exercise, the 
pulmonary arterial pressure increasing by only 3 mm. Hg. 

In suuunarj', there wa.s endcncc that the redistribution of alveolar ventila¬ 
tion and perfusion throughout the remaining lung was somewhat impaired. Tho 
question is raised, whether in the absence of pulmonar;!- distention these minor 
changes might not he related to the presence of limited pathologic changes in 
tho remaining lung and were already ]>resent before pulmonary resection. 

3. In the 3 remaining patients of this group, C. McL., J. Rut., and V. Ah., 
aged 34, 67, and 35 years, respectively, the data show that the remaining lung 
was distended or emphysematous and that the alveolar ventilation-perfusion 
relationships were abnormal (Mg. 4). In these 3 patients the contralateral 
lung had been resected for a chronic suppurative process associated with or- 
ganiziug pnouuiouia and fibrosis. In C. 3IcL. and J. Rut. thoracoplasty was 
perfonued a short time after pneumonectomy and in both was complicated by 
a significant degree of scoliosis. In V. Ah. the roentgenograms showed a con¬ 
siderable shift of the mediastinal contents, and the physiologic studies pre¬ 
ceded tho correction of this shift by thoracoplasty. 

Within the next three to five months the remaining lung, as shown by 
lung volume measurements, was considerably larger than a normal homologous 
lung in forced expiration, while tho size in deep inspiration was lower than nor¬ 
mal in one, approximately normal in another, and 150 per cent of normal in the 
third. Pulmonary distention was therefore present in aU 3 eases. The maximum 
breathing capacity was, respectively, 38, 49, and 31 per cent of the predicted 
value for both lungs, much lower than in the previous 4 cases. The index of 
intrapulmonary mixing in V. Ab. was unusually liigh for a single lung. Hyper- 
ventUatiou was present at rest in tho 3 patients and during exercise and recovery 
in 2 of tliem; in the tliird (V. Ab.) relative hypoventilation was observed during 
these two periods. The arterial oxygon saturation was slightly reduced in all 
3 cases, either at rest or follonung oxereise, or in both these states. 
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Eespiratoiy gas tension studies showed that the calculated effective pulmo- 
naiy blood flow was, respectively, 92.0, 92.8, and 91.2 per cent of the total blood 
flow, and that the effective alveolar ventilation was 67, 68, and 67 per cent of 
the total ventilation. 

No observations on the state of the pulmonary circulation are available in 
any of tlrese eases. 


SIZE OF THE LUNG 
IN Qto OF A single normal LUNG 



MAXIMUM VENTILATION 
IN 9fa OF PREDICTED VALUE 
FOR BOTH LUNGS 



m C 5 > ® ® 


EFFECTIVE alveolar VENTILATION 
IN 9o OF TOTAL VENTILATION 


EFFECTIVE PULMONARY BLCOO FLOW 
IN % OF TOTAL BLOOD FLOW 




PREOPERATIVE (5) BflONCHECTASlS RT 
DIAGNOSIS (g) BflONCHBirASlS LT. 

® crsrc mofCKECJASisRr 
RJLMDKW EWWSOAA 
TIME interval <5) 5 MONTHS 

Since pneumonectoivm© s months 

(g) 4 MONTHS 


AGE IN YRS ® 34 

® 37 
® 35 


POSTOPERATIVE ® thoracoplasty 
_ SCOlJOSiS 

DIAGNOSIS ® THCRACgfLASTY 




t<3 TKKUCCPLASTT 
nXMONNV EMHISEUA 


Fig. 4.—Effective alveolar ventilation and pulmonary blood flow In 3 cases with marked 
distention of the lung, studied shortly after pneumonectomy. (5) Case C McL., (6) J. RuL and 
(7) V. Ab. 


In snminary, the remaining lung in these 3 cases was distended or emphy¬ 
sematous. This condition was accompanied by marked disturbance in the me¬ 
chanics of the chest bellows, by a considerable reduction in the available breath¬ 
ing reserve, and by some evidence that the distribution of alveolar ventilation 
arrd alveolar perffusion was not honrogerreous, requiring therefore a large total 
ventilation to supply adequate alveolar v'entiiation and causing the arterial blood 
oxygen saturation to be slightly reduced. The hypothesis that the state of pnl- 
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mounry distention niiglit lie relateel to tlic development of scoliosis, wliieh com¬ 
plicated the tlioracoi)lnstiea in 2 eases, is supiiortcd hy the phj'siologic observa¬ 
tions made in one of tlicm Ijcforc pneumonectomy. TJic data obtained preopera- 
tively in this case do not suggest the presence of pulmonary distention or em¬ 
physema. In contrast, the i)reoperutive studies in tlic third case, V. Ah., showed 
that the total eainieity was considerably [■educed, and that the ratio residual 
air/total capacity x 100 was ven’ high. Pathologic sectioms of the resected lung 
explain in part these findings, as they demonstrated the presence of multiple 
and large air cysts. The size of the roniauiing Itmg iiostoperatively was markedly 
increased in both deep inspiKition and forced e.xpirntion, which finding is ex- 
])lnincd in part by the marked mediastinal shift observed in I’oentgenograms and 
pos.sibly also hy the presence of a mild degree of emphysema. 

Croup II 

The data obtained in the 9 patients of tills group arc tabulated m Tables 
VIII to X\^. Ohsen-ations were repeated at intervals during several years 
following resection of one lung. The tables list only the measurements which 
have not been previously reiiortcd. The data on the ventUatiou-perfusion rela¬ 
tionships and on the dynamics of the pulmonai'j- circulation were collected only 
recently at the time of the latest complete studies listed. In the case of D. II. no 
such data are available. 

Average Findings .—Considered us a group and compared with normal 
standards the 9 subjects stitdicd lute alter pneumonectomy showed the following 
findings. 

1. The averugc size of the remaining lung, in deep inspiration, was 125 per 
cent of the predicted size of a normal homologous lung in a state of maximum 
inflation, while its average .size in forced expiration M'as 176 per cent of that of a 
normal lung in the state of maximum deflation and the ratio residual air/total 
capacity x 100 was somewhat higher thaji normal. 

2. The maximum breathing capacity was reduced to only 70 per cent of 
the predicted value for a normal ehe.st with both lungs. 

3. A small degree of hyperventilation was present during the three periods 
of observation at rest, during the standard exercise test, and during the fii-st 
minute of the recovery period. The breathing reserve during the standard 
exercise test and the first minute of the recovery period was, respectively, 63 
and -17 liters, or approximately GO per cent of the predicted values. 

•1. The mean index of intrapulnionai'y mixing was normal. 

5. The mean oxygen con.suniption at vest and during the standard one- 
minute exercise test was nonnal. 

6. The mean arterial oxygen saturation was approximately normal at rest 
and following exercise was slightly below the lower range of normal. 

7. The COj tension in the arterial blood, while breathing room air, was 
normal at rest and during a steady state of bicycle exercise. The oxygen 
tension was slightly lower than normal in both these states, and the alveolo- 
arterial p02 gradient was at the upper limit of nonnal. The effective pulmo¬ 
nary blood flow and the effective alveolar ventilation were, respectively, 93.7 



Table VIII. Lung Voi<umks and Maximum Bheatiung Capacity in 9 Cases Studied Sevkiial Yeaus Aitee Pneumonectomy 
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•Include* only tho latest series of measurement* In cacli case, when sewml «tudle* were made. 
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Table X. Oxygen Consumption and Arterial Blood Oxygen Saturation at Eest^ During 
AND POLLOAVING A One-MiNUTE STANDARD EXERCISE IN 9 CASES STUDIED SEVERAL 
Tears After Pneumonectomy 




1 .. 

OXYGEN CONSUMPTION 


ARTERIAL BLOOD 


TIME AFTER 

operation 

IN C.C. PER MIN. PER j 
M2 B.S. ; 

IN 0.0 PER LITER OP 

ventilation 

OXYGEN SATURATION 
(IN %) 

SUBJECT 

(MO.) 

REST 

1 EXERCISE ! 

1 REST 1 

EXERCISE 

BASAL 

1 RECOVERY 

Normal 


132 

495 

44.5 

55.4 

96.0 

96.0 

H. W. 

131 

127 

476 

41.8 

56.8 

95.0 

96.5 

R. G. 

108 

143 

519 

37.4 

45.7 

96.2 

95.0 

S. Eo. 

25 

146 

564 

38.8 

48.8 

95.5 

- 

J. Lo. 

104 

132 

502 

44.6 

63.2 

97.0 

96.0 

J. Bus. 

1 

131 

552 

36.7 

39.4 

97.2 

97.5 


26 

146 

586 

28.0 

31.0 

98.0 

96.2 

V. Wat. 

17 

116 

416 

31.0 

42.8 

93.5 

93.6 


42 

— 

— 

- 

- 

_ 

- 


50 

Ill 

429 

29.1 

30.4 

95.0 

97.0 


91 

141 

427 

26.9 

29.5 

96.0 

96.0 

D.M. 

13 

134 

512 

34.2 

34.0 

95.6 

90.8 


50 

126 

345 

27.0 

35.1 

91.6 

85.4 

E. Ee. 

80 

119 

548 

40.4 

64.8 

94.4 

91.8 

F. I. 

15 

102 

442 

48.2 

42.6 

96.6 

97.9 


79 

119 

342 

45.2 

42.8 

95.2 

91.0 

Average of 

9 cases* 

77 

133 

479 

36.7 

44.2 

95.4 

93.1 


♦Includes only the latest series ot measurements In each case, when several studies 
were made. 


and 70 per cent of the total blood floiv and of the total ventilation in the resting 
state. In 3 of the cases the measurements repeated duiing a steady state of 
moderate exercise showed a significant increase: the effective pulmonary blood 
floAV rose to 97.9 per cent of the total blood flow Avhile the effective alveolar ven¬ 
tilation constituted 79 per cent of the total ventilation. 

8. The mean alveolo-arterial pOo gradient of the group while breathing a 
low oxygen mixture was Avithin the normal range. 

9. The average pulmonaiy blood floAv and mean pulmonary arterial pressure 
were Avithin the normal range at rest. During the steadj^ state of moderate 
exercise the pulmonary arterial pressure rose from 15 mm. Hg at rest to the ab- 
nomally higli value of 24 mm. Hg. 

Comment .—Prom these results it appears that in this group studied at an 
average time of seventy-seven months after the resection of one limg, the remain¬ 
ing lung was larger than normal in deep inspiration and was distended in forced 
expiration. Discussion as to whether the latter finding indicates that a mild 
degree of chronic pulmonaiy emphysema Avas present will be postponed until 
after presentation of the indiAudual cases. 

Compared Avith the average maximum breathing capacity in the group 
studied soon after pneumonectomy, the aA'^erage maximum breathing capacity 
Avas reduced less, in spite of a state of greater puhnonary distention, and the 
breathing reserve Avas larger during standard exercise and the fit’s! minute of 
recovery. Minor alterations in the distribution of alveolar ventilation and 
alveolar perfusion Avere also present. The djmamics of the pulmonaiy circulation 
Avere normal at rest, as in Group I. HoAvever, in the course of a moderate exer¬ 
cise the pulmonary artenal pressure beeame abnormally high. In this state the 
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Table XII. Average Oxygen Tension Gradients Between Inspired Air, Alveolar Air, 
AND Arterial Blood and Aveilvge Arterial Carbon Dioxide Tensions in Two 
Groups of Subjects After PNEUJiONECTOiTY 





Oj tensions (pOa) 

1 (IN MM. HQ) 

pOa GRADIENTS 
(IN MM. HO) 

COa TEN¬ 
SIONS 
(pCOa) 
(IN MM. 
hq-) 

STATE 

GROUP 

xo. 

OP 

CaVSES 

INSPIRED 

AIR 

(I) 

alveolar 

AIR 

(AL) 

ARTERIAL 

blood 

(AR) 

I-AL 

AL-AR 

ARTERIAL 

BLOOD 

Rest, E. A. 

Normal 

8 

152 

104 

94 

48 

10 

39 

breatliing 


Group 1 

7 

151 

102 

87 

49 

15 

39 


Group II 

8 

152 

100 

89 

52 

12 

41 

Rest, low Oa 

Normal* 

3 

81* 

42* 

33* 

42* 

9* 

38* 

breatliing 


Group I 

6 

85 

50 

41 

35 

9 

34 


Group II 

8 

88 

51 

41 

37 

10 

37 

Exercise, 

Normal 

8 

151 

109 

95 

42 

14 

38 

bicycle. 

Group I 

3 

150 

110 

94 

40 

16 

38 

steady state 

Group H 

6 

150 

106 

88 

44 

18 

39 


•Arterial blood CO: and oxygen tension measurements with low oxygen breathing made 
In only 3 of the 8 normal physicians recently studied. In a much larger control group previously 
studied by Llllenthal and associates* similar values were obtained. 


Table XIIT. Effective Alveolar Ventilation and Effective Pulmonary Blood Plow in 
7 Cases Studied Several Tears After Pneumonectomy 



! 


PULMONARY 
BLOOD PLOW 


PULMONARY 

VENTILATION 




ALV. 

ARTERIAL 

pOa 

GRADIENT 

(MM. 

TOTAL 

fA) 

(LITERS 
PER MIN. 
PER iI2 

EPPEC- 

Tivn 

(B) 

(LITERS 
PER MIX. 
PER M2 

RATIO 

B 

TOTAL 

(0) 

(liters 

PER MIN. 
PER M2 

EFFEC¬ 
TIVE ALV. 
(D) 

(UTERS 
PER MIN. 
PER M2 

RATIO 

D 

SUBJECT 

state 

HG) 

B.S.) 

B.S.) 

A 

B.S.) 

B.S.) 

C 

Normal 

Rest 

<12 

3.10 

2.95 

>95.0 

3.82 

2.97 

>70 

H. W. 

Best 

12 

3.44 

3.29 

95.4 

4.26 

2.94 

69 


Exercise 

21 

5.15 

5.00 

97.1 

9.48 

8.75 

91 

E. G. 

Rest 

3 

3.17 

3.11 

98.0 

4.04 

2.99 

74 


Exercise 

6 

6.24 

6.19 

99.1 

12.40 

10.90 

88 

S. Eo. 

Rest 

14 

- 

- 

94.7* 

4.53 

3.81 

79 

J. Lo. 

Rest 

21 

2.94 

2.67 

90.6 

3.86 

3.01 

78 

J. Eu. 

Rest 

5 

3.15 

3.05 

95.0 

6.08 

3.70 

61 

V. Wat. 

Rest 

10 

2.29 

2.21 

96.7 

5.63 

2.98 

53 


Exercise 

14 

3.24 

3.13 

97.6 

10.76 

6.25 

58 

E. Ee. 

Rest 

16 

3.52 

3.05 

86.8 

3.41 

2.52 

74 

F. I. 

Rest 

10 

2.94 

2.74 

93.2 

3.15 

2.42 

77 

Average of 

8 cases 
at rest 


11 

3.06 

2.87 

93.7 

4.36 

3.05 

70 

Average of 

3 cases 
during 
exercise 


14 

4.88 

4.77 

97.9 

10.88 

' 8.03 

79 


•AUxed venous blood not collected. Mixed venous blood O: saturation per cent assumed 
to be 25 per cent lower than arterial hlood saturation. 
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Tadioi Xl\. EvFKcmvE Alveoljui Ventiijition at liEST ANu Dubing TiiK Steady State ok a 
B icYcr^ Kxekcihe in* a Grol'i* of 8 Cvksa Aftfji Pneumonectomy 




NO. 

ALV. 

VK.NTILATION 

AliV. 

VENTIl-S- 

TION 

(UTEJIS 

0, l.NTAKE 
(C.C. PEK 

min. per 

M3 8,8.) 

0, INTAKE 
(C,C, PER 
JJT.) 

STATE 

OKOUl* 

OK 

c.vsra 

TOTAL 

VENTUATION' 

PER M3 
B,8.) 

VENTILA¬ 

TION 

Keat 

Normal 

s 

78 

2.97 

141 

48 


Pneumonectomy 
Groups I*'II 

.8 

71 

3.15 

145 

40 

Kxorciac, 

Normal 

8 

88 

12.80 


44 

sternly 

stuto 

Pneumonectomy 
Groups 1**II 

8 

75 

10.95 

523 

48 


•This nilxod ^roUD Includes U»e cq*^« A. Am. nnd C. McL. from Group i and all the ca««s 
from Group H csxcept H. W. 


piilnionan" blood flow throiigb the remuinini; lung was larger than the blood 
ilow through each lung of u uorinul individual perfomiing a veiy severe tj^ie of 
exercise. Under such eireunistanees tlie pubuonarv’ arterial pressure of the nor¬ 
mal individual tetuaiua uonual.’-' The varioas lucehanwms involved in the ab- 
nonual increase of the pulniouarj- ailerial pre.ssure will be discussed later. 

Individml Cases.—Examination of the data in the individual cases of this 
group reveals marked variations in their physiologic status. 

1. In 3 patients, S. R., 11. W., nnd R. (1., aged 41, 17, nnd 21 .venrs, respec¬ 
tively, tho (lata indicate that the remaining lutig was normal as far as can be 
judged from tlio studies (Fig. 5). Two of tlic eases. H. W., and R. G., have 
already been discassed in two previous reports.'’' The data concerning the 
alveolar ventilation-perfusion relationships and the dynamics of the circulation 
obtained recently couflrm and supplement the general impression reached on the 
basis of tho proviottsly reported tess complete studies of pulmonary function. In 
theso 3 patients the resection had been performed for chronic suppuration of 
one lung nnd had not been followed by tboracoplnaty. 

It is quite reinarkablo that the .size of the lung iu these 3 subjects at tlie 
end of tho deepest inspiration was api)roxunatel.v 150 per cent of that of a nor¬ 
mal homologous lung in the same respirator}- position. This finding was ob¬ 
viously duo to a mcdiastuinl sliift which is well known to occur during deep 
inspiration. However, in forced expiration the size of tho deflated lung was 
about that of a normal homologoas lung, as sliomi by tho ratio I'esidual air/total 
capacity x 100, wliieh was, respectively, 22, IS, and 10. The maximum breathing 
capacity was, respectively, 74, 84, and 76 per cent of the predicted value for both 
lungs and the breathing reseive in the alisenco of any signifieattt degree of hyper- 
veutaatioii during the standard exorcise test and tho first minute of recover}’ 
was very large, ranging from 60 to 80 per cent of predicted normal values. The 
arterial oxygon saturation at rest and during exercise was within the normal 
range of variation in aU 3 cases. 

Studies of tlie ventilation-perfnsion i-olatiouships in these 3 subjects demon¬ 
strated that the effective pulmonnry blood flow' was, respectively, 94.7, 95.4, and 
97 per cent of the total pulmonaiy blood flow and that the effective alveolar 
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ventilation was, respectively, 7t), 74, and 69 per cent of the total ventilation. 
All these figures are normal. Observations made during a steady state of moder¬ 
ate e.xereisc in 2 of the subjects (h’ig. 8) showed a marked increase in the efB- 
eiency of alveolar perfu.sion and ventilation. The pulmonarj' membrane dif¬ 
fusion gradient was normal. 

The ))ulmonarj- blood flow and tbc pulinoimiy arterial blood pressure meas¬ 
ured in U. IV. and U. 0. were normal at rest. In the course of moderate exercise 
during which the pulmonary blood flow was nearly twice the rcstuig blood flow 
and significantly larger than the volume of blood flowing through each lung of a 
normal individual during a severe tyj)e of exercise, the mean pressure rose from 
12 mm. Ilg at rest to 17 and 24 mm. Ilg, respectively. 
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Flff. 6.—Effective pulnionao’ Ulood flow and alveolar ventilation In S wl^ ^ lunr 

dlatenUon, atudlod several year* after pneumonectomy. (7) Caao S. Ra. (8) Caae £L and 
(9) Caae R. O. 


Ill summary, the remaining lung in these 3 eases, although larger than 
normal in tlie state of maxummi inflation, functioned normally. The phjTiical 
activity of these 3 subjects was not limited, the reduction in bi'cathing capacity 
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was slight, and a study of the relationships between alveolar ventilation and 
alveolar pei-fusion revealed these to be entirely normal at rest as well as during 
moderate exercise. This latter finding is of interest since during this exercise 
the total ventilation and total puhnonaiy blood flow through the remaining lung 
reached greater values than those hitherto observed through each lung of normal 
individuals during a severe exercise test. The only abnormal finding was the 
observation of a mild degree of pulmonary hypertension during the performance 
of the exercise. The meaning of this observation will be considered later in the 
discussion. 
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Fig. 6.—Effective pulmonary blood flow and alveolar ventilation In 3 cases with moder¬ 
ate lung distention, studied several years after pneumonectomy. (JO) Case E. Re., (11) Ceise 
F. r.. and (12) Case J. Lo. 


2. In 3 patients, P. I., B. Re., and J. Lo., aged 53, 39, and 19 years, respec¬ 
tively, the data show a small degree of puhnonary distention associated with 
slight abnormalities in the distribution of alveolar ventilation and alveolar per¬ 
fusion in the remaining lung (Pig. 6). All of these cases have already been dis- 




COUR.VAND KT AU: PERl'USION’ RKL.VTIOXHHU>S AtTER PXEUJIONECTOJIY 105 


cvisscd ill 3 jirovioiLS pciiortu’’ ^ ^ ou tho busjR of leas coniploto dutu. Tlio reaeo- 
tioii of the lungs in E. He. nnd J. Lo. had been performed for chTOiiic suppura¬ 
tion of one lung; in addition E. Ke. showed, and still shoM'S, evidence of bron- 
chieclnsis in tho middle lobe of the remaining right lung, and is suffeiing from 
persistent but mild asthma. In F. I. tho re.scction of the right lung was done 
for stenosis of tho right main bronehus of tuberculous origin, which caused over 
a period of twenty years acute nnd repeated episodes of bronchial obstruction. 
In E. Ho. and F. I. the pncumoneetoiny was followed by thoracoplasty'. 

In these 3 subjects the si/.e of the remaining lung compared with that of a 
normal homologous lung in the same .state was incivased in deep inspiration, 
more so in F. I., less so in J. Eo. In contrast to the 3 previous cases, however, 
tho size of the lung in forced cx|)irution is significantly greater tlian that of a 
normal lung in the same state, the state of moderate distention being the greatest 
in J. Lio., tho least in F. I. The innximuin breathing capacity was in 2 of the 3 
cases reduced more tlmn in the 3 previous eases. Its values in F. I., E. Re., and 
•I. Lo., respcctivcl.v, 73, 65, and 56 per cent of the predicted normal value with 
l>oth lungs, bearing a striking relationship to the degree of distention. Hyper¬ 
ventilation did not dcvclo|) in any of thc.se cases during or following exorcise and 
the moderate reduction of breatliing rcsen-e duruig tlie standard exercise test 
and tho fiist minute of recovery was related to the reduction in maximum breath¬ 
ing capacity. Jlcasurcments of the arterial oxygen saturation in F. I. and E. Re. 
at rest and following exercise were .somewhat lower than normal, especially after 
exercise, suggesting that .some poorly ventilated alveoli were still perfused. 

More precise ntethods of studies of the ventilation-perfusion relationships 
demonstrated that at rest the effective pulmonary blood flow was in F. I., E. Re., 
and J. Lo., respectively, 93.2, 86.8, nnd 90.6 ])er cent of the total pulmonary 
blood flow. In contnist to these figures, which indicate perfusion of poorly or 
nonventihitcd alveoli in varying degree, the effective alveolar ventilation was, 
respectively, 77, 76, and 78 ])er cent of total ventilation. These figures indicate 
that there was no ventilation of poorly perfused areas. The pulmonary mem¬ 
brane diffusion gradient was noraial in two of the subjects and slightly elevated 
in F. I. 

The pulmonaiy blood flow and pulmonary blood pressure were normal at 
rest in tho 3 cases. During moderate exercise the pulmonary arterial pressure 
rose in B. Re. from 12 to IS mm. Ilg when the pulmonary blood flow was l-W 
per cent of tho resting blood flow, and in F. I. it rose from 16 to 28 nmi. Hg 
when the pulmonary blood flow was only 119 per cent of tho resting flow. It 
should bo noted (Table XIO that in the case of F. I. tho systetnic arterial pres¬ 
sure rose considerably during a .steady state of very moderate exercise and that 
the calculation of tho systemic vascular resistance indicated some degree of vaso¬ 
constriction rather than the usual vasodilatation obsetwed during exercise. The 
question is raised, therefore, whether a latent state of systemic hypertension was 
not- revealed during the increased physical activity. The development of pul¬ 
monary hypertension, if this assumption is correct, would be "the result of an 
increa-so in pressure in tho pulmonary venous bed due to poorer emptying.of the 
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left ventricle in the face of an increasing peripheral resistance rather than the 
result of an increased resistance through a pulmonary vascular bed restricted in 
its distensibility. 

In summary, the remaining lung in these 3 cases was not normal. A com¬ 
bination of pulmonary distention and of pathologic changes certainly related in 
one case, probably related in the 2 other eases, to the chronic process for which 
the controlateral lung was resected, residted in the persistence of pulmonary flow 
thi’ough areas of the lung which were not ventilated. In the greater part of the 
lung, however, the relationship between alveolar ventilation and perfusion was 
normal. It is of impoi-tanee to note that observations over a long period of years 
have not shorvn any significant change in the degree of pulmonaxy distention 
in these 3 cases. This state of distention probably was present shortly after 
pneumonectomy and might be due partly to an underlying pathologic process. 
It may have been somewhat accentuated following the resection, but at all events 
was limited by the fixation of the mediastinum in its normal position with oi- 
without the help of thoracoplasty. 

3. In the 3 remaining cases, D. M., J. Ru., and V. Wat., aged, respectively, 
66, 61, and 72 years, the data show that the remaining lung was the site of 
chronic pulmonary emphysema of mild to moderate degree. In these 3 cases the 
lung had been resected for carcinoma of a main bronchus and pneumonectomy 
was not supplemented by thoraeoplastjL The survival times up to tlie last 
observations were, respectively, lift}’', twenty-six, and ninety-one months. One 
of these 3 patients (D. M.) died after a seventy-two month survival, following 
an acute respiratory infection. 

Physiologic studies of patient D. M. have been reported previously.® The 
•reoperative studies showed a marked degree of chi'onic bilateral pulmonary 
emphysema of the obstructive type. Postoperative studies fifty months after 
pneumonectomy indicated tliat the state of chronic obstructive emphysema had 
become more severe. The ratio residual air/total capacity x 100 rose from 43 to 
56, the maximum breathing capacity decreased from 41 to 24 liter’s. The breath¬ 
ing reserve during the standard exercise test and the fir’st minute of recovery 
was negligible and consequently dyspnea was severe and prolonged. The arterial 
oxj^gen saturation was reduced to 91.6 per cent at rest and decreased to 85.4 per 
cent following the standard exercise test. This finding suggests considerable 
perfusion of poorly ventilated or nonventilated alveoli. The last physiologic 
studies, pei’formed three year’s ago, do not include observations on gas tensions 
performed shnultaneously vdth cardiac catheter’ization. Hence a quantitative 
study of the abnormalities in the distribirtion of alveolar ventilation and per¬ 
fusion is not available. 

In the other 2 cases, J. Ru. and V. AVat., repeated measurements of lung 
volume have demonstrated the slow development of a moderate type of non- 
obsti’uctive emphysema Avhich was not present shor-tly, or even several months, 
after pneumonectomy (Fig. 7). The size of the remaining lung on deep in- 
spii’ation was at the time of the last studies 139 and 135 per cent, respectively, 
of the predicted size of a normal homologous lung in the same state. In forced 
expiration the size of the lung was 208 and 193 per cent, respectively, of the 
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predicted aizo of a nonnal liomologoas lunj^ iu tlio same state. Cliiiicnl studies 
and examination oC the spirot^rams** did not reveal any evidence of bixnieliiolar 
obstruction. A remarkable findin*^ was that the maximum bi-cntliinfc capacity in 
these 2 patients was, respectively, 93 and 95 ])er cent of tlio predicted values 
with Iwth luniks. In absolute terms, the maximum breathing capacity was as 
largo as in the 3 previous subjects who were younger and .showetl a far lesser 
degree of pulmonarj' distention in expiration. Jlarked hyperventilation was 
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present duiing the 3 periods of observation. Consequently, the breathing reserve 
was reduced below normal values. It was approximately 55 per cent of normal 
during the first minute of recovery following the standard exercise test and mild 
dyspnea of short duration was present at that time. The index of intrapulmo- 
nary mixing was nonnal. The arterial blood satui-ation at rest and following the 
standard exorcise teat was well witliin the normal range of variation. 
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The respiratory gas tension studies demonstrated that at rest the effective 
pulmonaiy blood flow was, respectively, 96.7 and 97 per cent of the total pul¬ 
monary blood flow. During a steady state of moderate exercise the effective 
blood flow rose in one patient, V. Wat., to 97.6 per cent of the total blood flow 
(Fig. 8). These figures indicate that virtually all perfused areas were well 
ventilated. These gas tension studies revealed, however, that a large proportion 
of well ventilated alveoli were poorly perfused or nonperfused. The effective 
alveolar ventilation in per cent of total ventilation reached the lowest figures in 
the entire group of patients after pneumonectomy, respectively, 61 and 53 per 
cent. In V. Wat. during the steady state of moderate exercise the effective 
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FIs. 8 .—Influence of exercise upon effective pulmonary blood flow and alveolar ventila¬ 
tion In 3 youngr adults with no distention of the lung and in an elderly subject with nonob¬ 
structive pulmonarj^ emphysema. (J) Case C. Ro., (S) Case H. (5) Case R. G., and 

(/-i) Case V. Wat. 


alveolar ventilation was still only 58 per cent of the total ventilation (Fig. 9). 
On the basis of these figures it woidd appear that the pulmonary vascular bed 
was restricted in parts of the lung which were still effectively ventilated, al¬ 
though whenever alveolar perfusion persisted the alveoli were well ventilated. 
The pulmonary membrane diffusion gradient was normal in Y. Wat. and-very 
slightlj'’ elevated in J. Eu. 

Studies of the dynamics of the pulmonary circulation showed definite ab¬ 
normal features. In J. Eu. ■with an apparently normal cardiovascular system 
the pulmonary blood flow was normal at rest, but the pulmonary arterial pres¬ 
sure was elevated to 19 mm. Hg. This elevation of mean pulmonary arterial 
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pifssui'O at a level of lilood ilow through one lung whieh normally does not cause 
any j>rossure elevation suggests a Imiitation in the expansibility of tiie vaseuiar 
IkxI. lleduetioii in the number of small vessels and/or a decrease in the cross- 
section of the lumen of the arterioles and prccapilluries are the most likely causes 
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Flff. 9 .—Relatlonahlp between blood How tlirouch one lung- and moon pulmonary arterial pre- 
•ure Tn 3 nomial eubJecU and 8 aubjecta after pneumonectomy. 

of this limitation. Since it was demonstrated by the gas tension tecluiique that 
tho blood flow was suppressed in fairly large areas of the lung this finding may 
1)0 related to the elevated pulmonarj' artery pi-essure. In V. Wat., studies of 
tho pulmonary blood flow utid pulmonarj- arterial pi-cssure were made aJ.so at 
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rest and repeated dniing a steady state of moderate exercise. The puhnonary 
blood flow at rest was low, and the pulmonary arterial pressure was abnormally 
elevated to 19 mm. Hg at a level of blood flow through one lung which in normal 
subjects does not increase puLmonarj'- arterial pressure. During a .steady state 
of moderate exercise the mean pressure in the pulmonaiy artery rose to the high 
value of 31 mm. Hg, while the pulmonary blood flow increased to 142 per cent 
of the resting blood flow. The interpretation of the data is somewhat compli¬ 
cated by the presence in this case of generalized systemic arteriosclerosis associ¬ 
ated with systemic hypertension. There is evidence to support the view that the 
cardiac output is sometimes reduced in systemic hypertension, although clinical 
and physiologic manifestations of pulmonaiy venous hypertension may not be 
present.^- Howevei’, in V. Wat. the exercise tolerance was remarkable and the 
cardiac output increase during moderate exercise was fairly large, a finding 
which does not favor the diagnosis of incipient left ventricular insufficiency. 
Therefore, the possibility of a restriction to the pulmonaiy vascular bed as a 
cause of pulmonary hypertension maj^ well be considered also in this case. 

In summary, the remaining lung in these 2 eases was the site of chronic 
emphysematous change of a nonobstructive type. This process originated some 
time after pneumonectomy, causing alterations in the distribution of alveolar 
ventilation and perfusion of an unusual character. The pattern of alteration 
was distinct from that obseiwed in a third patient in whom pneumonectomy was 
perfomied in the presence of chronic pulmonary emphysema of the obstructive 
type. In this ease the studies of respiratory gas tensions were not made, but the 
reduction of the aiderial blood oxygen saturation at rest and during the stand¬ 
ard exercise test indicates that poorly ventilated alveoli were still perfused. As 
a result of restriction of the vascular bed in areas of the lung still effectively 
ventilated, the total ventilation in J. Ru. and V. Wat. was almost double that of 
normal in all states of physical activity. Whether this constant state of hyper¬ 
ventilation contributed to the maintenance of a large breathing capacity in the 
presence of a moderate degree of nonobstructive emphysema is a matter of in¬ 
teresting speculation, and is in agreement with similar observations made in an 
entirely different group of subjects irith chronic pulmonaiy disease.^® The 
study of the djmamics of the pulmonaiy circulation which revealed a state of 
mild pulmonaiy hypertension at rest, more severe in one case during exercise, 
suggests that the pulmonaiy vascular bed was limited in its distensibility or re¬ 
stricted in its size. An alternate and/or complementaiy explanation is offered 
that in the ease with generalized arteriosclerosis and systemic hypertension a 
latent state of left ventricular dnsufficiency existed. This would cause an in¬ 
crease in pulmonary venous, pressure of which the pulp^onary artery pressure 
would be a reflection. 

DISCUSSION 

The data presented in this paper will be discussed from 3 different points 
of view, as they may interest the physiologist, the pathologist, and the chest 
surgeon. 
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1. In ])rcviou.s puporu de«lii)g with the subject of physiologic readjustments 
after pneumonectomy several coneltLsions lia<l Ircen reaehed. These are well sup¬ 
ported by some oltservations rci)orlcd here. 

(a) The size of the lung in deep inspiration is greater than that of 
an homologous nonnal lung, since mediastinal displacement toward the 
eontralaterul side is not prevented in the state of maximum iuflation by 
the presence of a eontralaleral lung. 

(b) The reduction of ma.xiinuni bivathing capacity is much less 
than expected from the volumetric rcthiction of the chest bellows, unless 
a significant degree of pulmonary dbitention develops, flood coordina¬ 
tion in tho functioning mu.seles of the chest cage and the absence of an.y 
obstruction to air How help to maintain the efficient utilization of the 
remaining ventilatorj- space. 

(c) The incrca.se of the ratio cffc<‘tive tidal air/functional residual 
air, which takes place whenever the total ventilation is porfoniicd h.v a 
single lung, improves tho intrapulmonaiy mixing of gas. 

The quantitative rclatioirships existing hetwci'n alveolar ventilation and 
alveolar perfusion in a single lung, carl.v and late, after pneumonectomy have 
also been studied. It would appear from these studies tliat in children, young 
adults, or middle-aged subjects, tho adjustments are nearly perfect as long as 
tho remaining lung is free of persisting pathologic change or does not become 
unduly distetided as a result of media.stinal dislocation. However, if such 
changes arc present two types of abnormalities in the distribution of ventilation 
and blood flow are oltserverl, Itoth characterizerl by a reduction in the percentage 
of ctfectivo blood flow (perfusion of poorl.v vetitilated alveoli) but associated in 
tho first tjqio only with a i-eduction in tho percentage of alveolar ventilation 
(ventilation of poorly perfused alveoli). These abnormalities are ahvaj-s slight 
and related to pulmonarj" distention and/or discrete pathologic processes. In 
2 elderly patients with manifestation of mUd nonobstnictive emphysema a third 
typo of abnonnalitj' was observed, characterized by a reduction in the percentage 
of tho effective alveolar ventilation (ventilation of poorly perfused alveoli), 
while the percentage of effective pulmonary blood flow (perfusion of well-venti¬ 
lated alveoli) remained nonnal. This abnormality is different from that which 
is observed in patients with bilateral obstructive emphysema where very low 
effective pulmonary flow and effective alveolar ventilation are found.'* It sug¬ 
gests a patliologic process restricting the vascular lied alone and creating thereby 
a need for a considerable increase in total ventilation in order to maintain nor¬ 
mal gas exchanges through effective alveolar ventilation of well-trerfirsed pulmo¬ 
nary capillaries. As a result, the breatlring reserve is reduced in all states of 
physical actiruty rvith a resultant greater tendency to dyspnea. 

Studies of tho drffusioir of oxygen across the ptrlmoirary membr’ane indicate 
that it takes place in a nomral marrrrer. If it is postulated that in pneumonec¬ 
tomy tho potential ntmrbcr of eapiliaidcs is reduced by one-haif, the irersistence 
of a normal olveolo-arterial pOi gradient at a low level of o.xygenation means 
that tho area avaUablo for diffusion at rest Is nonetheless adequate. The number 
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of capillaries perfused at rest, therefore, compares favorably wth the number of 
capUlaries perfused in both lungs of normal subjects under the same basal con¬ 
ditions. Any pathologic process which encroaches upon the vascular bed of the 
remaining lung should tend to increase this gradient and, therefore, should tend 
to decrease the diffusion constant of the lung, defined as the amount of oxygen 
in cubic centimetei’s which 'null diffuse from the alveoli into the blood per minute 
in response to a mean pressure gradient of 1 nun. Hg.^® This diffusion constant 
of the lung, which varies according to the size of the diffusing area, has been 
calculated in 5 cases, using the graphic method developed by Lilienthal and 
associates.® Other eases in this series in which the oxygen consumption was too 
liigh for useful comparison have been excluded. As seen in Table XVI, the dif¬ 
fusion constant in 3 j’oung subjects with pneumonectomy was remarkably close 
to the average figure obtained in a group of young adults with two lungs.® In 
the older subjects, G. H. and V. Wat., aged, respectively, 48 and 72 3'^ears, the 
figures are somewhat lower. In the absence of comparable figures in a group of 
nomial subjects of the same age, it cannot be stated whether or not thej" are 
abnormally low. However, thej^ suggest a reduction in the size of the diffusing 
surface, that is, a reduction iu the number of capdlaries, wliich in the case of 
V. Wat. is consistent with the results of the studj' of ventilation-perfusion rela¬ 
tionships discussed previousljL 


Table XVI. Approxiiiate Diffusion Constant of the Lung in 5 Cases After 

PNEUilONECTOilV 
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10 
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25 

G. H. 

48 
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16 

14 

V. tVat. 

72 
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390 
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11 

11 
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15 

16 


♦Calculated from Fig. 5 (In Lilienthal et al.') 

tFrom data collected by Lilienthal et al.*; ages ranged from 28 to 36 years. 


The obseiwations of the dynamics of the puhnonaiy circulation provide an 
unusual opportunity for the studj’^ of the deformabdity of the pulmonary vas¬ 
cular bed at a rate of blood flow through one lung exceeding that observed 
so far in normal subjects. In studies reported recientlj^® on 3 normal subjects, 
the mean puhnonaiy arterial pressure ivas foimd not to change as the puhnonary 
blood flow increased up to nearly 10 liters per minute per m- B.S. during a 
stead}' state of severe exercise. The calcidated puhnonaiy vascidar resistance 
was reduced at that level of blood flow to one-third of its value in the resting 
state. Similar observations have been made independently by Hickain and 
CargiU.^ 
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lu Fi('. 9 the l)loo(l tlow tlirough cneh luni; of these iiornml indiriduals at 
various levels of activity is i)lottcd against the mean ijulmonary arierial pres¬ 
sure. It is .seen that the mean imlmonary arterial pressure remained less than 15 
mm. Ilg with blood How through each lung up to 5 liters per minute per m' B.S. 
With a pulmonar}’ blood Mow of less than 5 liters per minute per nr' B.S. the 
nreatr puhuomtrj- arterial pres.sure remahred wrthiir normal limits hr 5 observa- 
tiorrs made itr 5 subjects after pneumoneetomy. In 4 of them during moderate 
exercise, the mcatr pulmonary arterial pressttre rose progressively os the blood 
How increased Ireyond this level. jVs all these .subjects had a normal or rrearly 
normal Itrrrg, they revealed a frrndaittentnl ehnracteristie of the curve relating 
blood How to irrcssur'c in the irtrlnionary vusctrlar bed by renehing a rate of blood 
How through ottc Irurg e.xeeeding that ob.sctwed in normal indiriduals. The dis- 
teirsibility curwo of the pulmonary vascular bed, which is straight and vertical 
up to a blood How of 5 liters jrer minute per m' B.S. shows a definite iirHectiou at 
this level. The characteristies of this eutwe arf of poteirtial interest in the irrter- 
pretation of the possible canscs of imlntonarj- hj'pertcn.sion in congcirital defects 
of the heart uird of the largo vca,seLs. If the sattte ctrtA-c applies to very young 
childrcir trs well us to udult.s, it would .seem that a moderate increase iu the mean 
pulmonary arterial pressure, with a bloorl How of less tharr 5 liters per minute 
per nr' B.S. through each lung is due either to pulntorrnrj- vascular chatrges or 
to pulmonary venous hypertensioir. Above this level of flow, art additional 
factor must be considered, as a largo blood flow by itself may carrse pulmonary 
hypertetrsiotr. 

In tho remaitting 5 observatiorrs, plotted itr Fig. 9, the pressure in the pul- 
monarj- artery rvas abirormally high in the restiirg state atrd increased further 
duritrg exercise, while the blood flow was significautly Ic-ss than 5 liters por 
minute i>er m* B.S. The probable causes of such pulmonatT.' hy])orlension have 
becir disertssed already. 

2. Tho final word is left to the pathologist regarding the problems of pul- 
ntonarj’ hypertrophy iit young subjects, aitd of the exact nature of tho pathologic 
processes observed in the elderly subjects. The data in the children (H. W. and 
R. Cl.) who have gromt to adult ago Avitlr a single Irtrrg do not contradict the 
correept of pulnroirary hypertrophy. Physiologically their lurrgs are perfect, 
iloreover, the remarkable cfHeiency of their lungs and that of an adult (J. Rus.) 
41 years of age at the time of pneumonectomy may well bo exTilained without 
recourse to this concept. The question remains unanswered as to whether the 
physiologic pattern presented by the two elderly subjects is related to a par¬ 
ticular typo of degenerative change occurring in the lungs of older persons 
after pneumonectomy, or whether they developed coincidentally a mild state 
of senile emphj'sema, ns seems not improbable at their ago. 

3. The data presented are of more than academic interest to tho thoracic 
surgeon. It has been 3ho^vu in 2 young subjects and in one middle-aged subject 
that pulmonaiy distention following pneumonectomy does not inevitably develop 
in the absence of thoracoplasty. Conversely, it has been shown that thoraco¬ 
plasty complicated by scoliosis may actually cause puhnpuarj' distention. The 
question of optional or systematic thoracoplasty following pneumonectomy for 
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Table XVII. Influence of Thoracopl^vsty Upon Dyspnea in 31 Cases After 

Pneumonectomy 





1 fneumonectomy without 

PNEUMONECTOMY WITH 





thoracoplasty 


THORiVCOPLASTY 





NO 1 

1 

i 

NO 

1 





PCLMOXARY 

1 PULMONARY 

pulmonary 

PULMONARY 


NO. 


niSTEKTIOK 1 

1 DISTENTION ' 

distention 

distention 


OP 1 

AGE 1 

NO. OF 


XO. OP 


NO. Of 


NO. OP 


DIAGNOSIS 

CARES' 

(yr.) 

CASER 

result* 

CASES 

RESULT* 

CASES 

result* 

cases 

result* 

Carcinoma 











of the 
bronchus 











Short 

3 

39 

0 

— 

1 

— 





survival 

(mo.) 











Long 

4 

59 



3 

Good, 2 



1 

Good, 1 

survival 

(yr.) 






Fair, 1 





Chronic 











pulmonary 











suppura¬ 

tion 











Children 

4 

12 

2 

Good, 2 

1 

Good, 1 



1 

Good, 1 

Adults 

Tuber- 

13 

39 

4 

Good, 4 

3 

Fair, 2 

3 

Good, 3 

2 

Poor, 2 

culosis 

7 

34 

1 

Good, I 

3 

Poor, 1 





bronchu.s 





Poor, 3 

1 

Good, 1 

2 

Poor, 2 

Recapit- 

o-f 
o J. 


9 

Good, 7 

11 

Good, 3 

4 

Good, 4 

6 

Good, 2 

ulation 




Not esti- 


Fair, 3 




Poor, 4 





mated, 2 


Poor, 4 

Not esti- 











mated, 1 






•For Interpretation see text. 


chronic suppuration of the lung and carcinoma of the lung has not yet been 
solved for lack of adequate statistics. Table has been prepared in an 

attempt to provide such statistical data. They refer to repeated measurements 
of lung volume, of maximum breathing capacity, and of ventilation during 
exercise and recoveiy made in 31 patients a short time after pneumonectomy. 
^^^lenever 2 successive measurements after a six-week interval showed an 
increase in residual air and a reduction in maximum breathing capacity, thoraco¬ 
plasty was reconunended. The thoracoplasty was pei'formed as a matter of 
routine in a few cases, or not perfomied when recommended in a few othei’S. 
Estimation of the final functional result was based on the presence and the degree 
of shortness of breath during the recovery period of the standard exercise test. 

The results may be summarized as follows: 

(a) In 13 cases wthout thoracoplasty and pulmonary distention the 
final results were good in 9, fair in 1, and in 2 patients the survival 
period after pneumoneetom}^ was too short to permit a proper 
evaluation of the result. 

(b) In 11 cases without thoracoplasty but with pulmonaiy distention 
the results were good in 3, fair in 3, poor in 5. In the categoiy 
of poor results are included 2 patients mth tuberculosis of the 
remaining mam bronchus. 
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(o) lu 4 cases tiioincopiaaty was pcrfonued without eviclcnco of pul- 
uioiinrj- (llsleulion iiud tho final i-csnlts were good in all of Ihcm. 

(d) Finally, in 6 eases lliorneopinsty was porrorined to eontrol progres¬ 
sive pulmonary distention, and tlic isyiiltH wen* gooil in 2 and poor 
in -i. Among tliesc -1 eases are 2 patients reimrtetl in this paper who 
duveloiied scoliosis and 2 iiatients in wliom pulmonary I'cscctiou 
was imrfonncd for Ijixniehial tulicreulosis eoinjilieated l)y fibro- 
thorax of long standing. 

In conclusion it can he .said that; 

J. In tho absence of thoraeopla.sty pnenmoneetomy is not inevitably fol¬ 
lowed by orudeneo of distention of the remaining lung. 

2. It pncumuncetoiuy is complicated by pulmouarj' distention, thoracoplasty 
is adHsable, but the final result depends to a great c.xtent upon the piesence or 
aljscnco of a pathologie pixa'css within the remaining lung. 

3. Tliorucoplasty may cause scoliosis ami ho followed by poor results due 
to pulmonary distenliou. 

The observations reported in this pajjor concerning the dynamics of the 
circulation denion.strato that a state of mild pulmonarj- hyperlcnsion inevitably 
develops in tho course of mild exercise, when the entire right ventricular output, 
circulating through a single lung, reaches an easily attainable level. lu the 
course of strenuous activity, the blood How iu a single lung may reach verj’ 
high values, which, in aeeoixlanee with the general configuration of tho curve 
relating blood flow and pressure in the pulmouaiy vascular lied, may result in 
a state of verj' marked pulmonary hypertension. The infeiance could bo made 
from these observations tliat physical activity should he restricted after pneu¬ 
monectomy. However, from tiic results of elcetrocardiograpliic studies with 
unipolar precotxlial leads’* it seems rcusoiiahle to stale that the mass of the right 
ventricle in the patients of this series was not increased and tliat therefore rigid 
ventricular hj-pertrophy had not developed after several years, although the 
subjects followed had not been restricted iu their physical activity. 

SUMM.VRY 

1. The adaptation to inieimioncctomy of the ventilation, the re.spiratory 
gas exchange, and the pulmonary circulation has lieeii investigated in 16 
individuals. 

2. The methods of investigation used include tho mcasui’ements of pul¬ 
monary blood flow and pressure, and an analysis of the alveolar ventilation- 
perfusion relationships, in addition to tho measurements employed in preriously 
reported studios. 

3. The results are discussed in relation to age, time of study after pneu¬ 
monectomy, development of pulmonary distention, and presence or absence' of 
thoracoplasty. 

4. Examination of pulraonarj^ circulation under vatying conditions of ac¬ 
tivity after pneumonectomy provides a uiiigue opportunity to observe certain 
properties of tho pulmonary \'nscular bed. 
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' i-’IEROS^lRCOJIA OP TUB BRONCHUS 

RiiPOKT OF A Case Diaoxosed by Buoxciioscopy and 
Tre-vted by Pneumoxectohy 

Jajies Caksweix, Jr., JI.l)., anu Nei.sox H. Kraeit, JI.D. 
JIcKixxey, Tex.\s 

P RIJIARV fibrosarfoniu of the limn iR Htute<l to be among the lai'est of 
tumors.*’ " In enriier reports one finds the term “primary sarcoma of the 
lung“ often without further identitiention as to cell t.vpe. It is apparent that 
the term cxelndes lymphasarcomus since tliosc are primarily cxtrapulmouary, 
arising in bronchial or inediastinal lymph nodes.' Ball’ in 1931 reported a 
fibrosarcoma primarj- in and replacing the left lower lobe of the lung. He 
reviewed the literature from 1900 to 1931 and found only thirteen well-docu¬ 
mented cases of iirimur}’ sarcoma of the lung. These included two fibrosarcomas, 
tliree spindle-cell sarcomas, si.x round-cell sarcomas, one “plc-xifoi'm’’ sarcoma, 
and one fibrochondroadenoma with sarcomatous changes. Rasoublum and Qasul” 
in 1931 found thirteen eases of prunan- sarcoma of the lung reported in the 
pediatric literature. These included one isamd-cell sarcoma and one spindle-ceU 
sarcoma; the cell type of the othci-s was not mentioned. They added one case 
of their own, designated only as primarj’ sarcoma of the lung in an infant. Of 
the cases collected by Rosenblum and (lasul, three hud been included in the 
group collected by Ball. 

Bills'’ icportod ono ca.so of spindle-eoll suivomu of the lung in a series of 
7,272 autopsies. In the icport of llassaebusetts General Hospital Case 22-441’* 
llaUory discussed the first primary flbro.sarcoma of the lung in a series of 8,000 
autopsies. Three other cases have since been reiiorted from thli hospital.’*’ ” 
Oclisner and associates,’ in a recent report on 412 patients with primary cancer 
of the lung covering a period of twelve years, included two cases of fibrosarcoma 
in the group treated by resection; whether or not these were primary in a 
bronchus or diagnosed bronchoscopically was not stated in tliis report. 

Unlike other tumors of tbo lung, sai-comas of any coll tj-pe have l>ccn 
diagnosed bronchoscopically only on rare occasions. Kahler li quoted by Poliak 
and associates’” as making the eai’licst rofcrence to bronchial sai’coma. In 1911 
he reported a patient having a moss completely olisti-ucting the right bronchus. 
A piece of the tissue coughed up was identified as myxosai’coma. PoUak and 
his co-workers reported a fibrosarcoma of the bronchus in a 19-year-old white 
man. Baum and associates* in 1939 reported a spindle-cell sarcoma of the 
bronchus in a 29-ycar-old white woman. In a review of the literature they 
were able to find only one such case proxuously diagnosed bronchoscopically. 

From tliQ Veteroni AdnilnUtratfon HoapitnU 
Received for publication Sept, 27, I9-18. 

Sponaored by the Veterona'AdniJnUtratlon and publUhed wlUi the approval of Iho Chief 
Medical Director The atatemenU and conclualona publlabod by the author* arc the result of 
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tratlon. 
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This was the case of Herrnheisei- reported in 1935 (quoted Baum-). Massa¬ 
chusetts General Hospital Case 24202^® was a 13-year-old girl with fibrosarcoma 
of the bronchus diagnosed bronchoseopically. Vinson^^ has reported a lympho¬ 
sarcoma of the bronchus, but this tjqDe of tumor is not included in most renews 
of the subject for reasons already noted. 

B\ving^ recognized diffuse spindle-cell, small round-cell, and large round¬ 
cell sarcomas of the lung, in addition to the Ijunphosarcomas which form a 
separate group. The possibility of mistaking reparative or inflammatoiy tissue 
for round-cell or spindle-cell sarcoma was emphasized by Ewing^ and Boyd.’ 
It is thought that round-cell or anaplastic carcinoma of the bronchus was often 
reported as sarcoma in the earlier litei*ature.’’ Ball,^ after excluding all cases 
in which the diagnosis was inadequately supported, found that primary sarcoma 
of the limg could be dinded into two groups. The first is the diffuse or cir¬ 
cumscribed tumor of slow progression occurring in adults and presenting, 
microscopically, various stages of differentiation of fibrosarcoma. The second 
group occurs in young individuals, is more rapidly progressive, is composed of 
‘■‘round” cells, and is subject to more necrosis since it is more cellulai*. Steward*- 
has reported one case in which a mixed sarcoma occurred in the left lung of a 
12-year-old gM. This tumor had some areas of spindle-cell predominance and 
other areas in which round cells were more numerous. No case of round-cell 
sarcoma diagnosed bronchoseopically has been found, probably because this 
tumor occurs in younger individuals and is more rapidly progressive than 
fibrosarcoma. 

Baum and associates-’ ’ treated their patient by partial bronchoseopie re¬ 
moval followed by x-ray therapy. This therapy was given over a period of two 
yeai’s as dictated by local recurrence found bronchoseopically on two occasions. 
The inteiwal between the two x-ray treatments was about twenty months. Death 
occurred thu’ty-two montlis after diagnosis, due to rapidly progi’essive extensive 
bilateral pulmonary tuberculosis. It was tliought that the activity and caseation 
of the tuberculous lesions were accelerated by the hea-vj"- dosage of roentgen 
rays. One patient (Massachusetts General Hospital Case 24202*®) died of 
massive hemorrhage fi’ora the base of the tumor during attempted pneumonec¬ 
tomy. The tumor caused complete obstruction of the right bronchus aud was 
apparently detached from its base during attempt to deflate the distended, 
obstructed lung. Churchill, in discussing the ease, pointed out the adrisability 
of clearing the bronchus of tumor by local bronchoseopie removal preopera- 
tively, thus making the lung more manageable at operation. 

The patient reported by PoUak and associates*® was treated by local re¬ 
moval of the tumor bronchoseopically, plus fulguration of its base. This 
sarcoma was considered on microscopic examination as ‘‘locally malignant and 
if properly removed should not recur.” The resemblance to a sarcomatous 
nasal polyp was mentioned. Treatment was instituted August, 1936. The pa¬ 
tient was well and working as a carpenter when last seen in March, 1939, 
having only minimal symptoms fi’om bronchiectasis which developed distal to 
the tumor. 
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CASE REPORT 

lUncst at Timr of .If/mi.tsioji.—A 21)-yfar'ol«l collogi.* atiulcnt wnn Qcliuitted to tlila lies- 
pJtnl rxv. 25, 1047, l>ccnu><* of ^ovcrc pain in tlic loft ytdi* of tin* client, dyapnea, cough, 
and whccxlnp. Ue had lost 2:) potm.U in tlio pu«t (Ive niontlifl. Symptoms Iwgjin in July, 
1040, with mild dyspnea on exertion, iHvoming progiTtwlvcly worse until Septembur, when 
wheeling nnd occtisionnl Bninll lujmopt\>os wero notetl. Cough was mild and not productive 
except when hemoptysis occurred, nronchoseopy at this time was reported ns negative. Ten 
days prior to admission tho patient develo|»ctl chills and fever, witli ses'ore pain in the left 
sido of the chest. BronchoiKiopy was repento«I but nothing ^vns found, and he wua tnms- 
fcrnnl to tills hoapitul. 

Phyjiicol min fit ion.—Physical exumlnatioii revealed a well*dovolopod, undomourishe<l 

while man, not acutely ill. He was sllgluly dyspneic. Hkin was pulo and showed some 
evidonco of recent weight loss. 

Examination of the chest rcveale<l slgnltlcnDt tlnttcning of tho lower half of the chest 
on the left, with a nmrked lag on deep Inspiration. Tactile fremitus was dloiiniahed in the 
upper half and absent In tho lower half of the left sido of tho chest. There was dullness to 
percussion over tho lower half on tho left, with diminished to absent breath sounds over tlie 
entire left aide. A definite whct'xe was lumrd over the loft lower lung field on deep Inspira¬ 
tion. There wis a shift to tho left of the lower mediastinum. There \YPre no abnonnal 
findings over the right sido of the chest. Tho heart was norumL Tho remainder of the 
physical examination \nis ejjsentlnlly negative. 

Roentgenogram of tho chest rcvoale<l pleumi thickening with subpleural fibrosis over 
the right apex, and utclcctiuVis of tho left lower lobe. 

Serum examinations for syphilis were ncg'tiivo. Blood and orine analyses revealed no 
abnormulitioii. Sputum oxQminQtioa.*» wore rojicutodly negative for acid-fast bacilli. Blood 
chemiatr)’ was nominl. 

Bronchoscopy done Doc. 29, 1047, showefl tho left main stem bronchus almost com¬ 
pletely occluded by a round, smooth, shioing, nonulcerated, dark rod, fairly firm tumor, at¬ 
tached to tho mftUal wall of tlio bronchus ttl>out % cm. distal to tho presenting edge of 
Ibe Carina. .V i>ortjon of the tumor, sufficiently large to establish a free airway, was removed 
for biopsy without excessive blet.*ding. Tho tmelica and right bronchial tree were normal. 

Patholoyh neport. —Tho pathologist* gave the following report on tho bronchial biopsy. 
Microijcopic examination of tissue obtained by bronchial biopsy revealed a small portion 
of the specimen to be covered by nonuol-oppcaring bronchial mucosa, while in another area 
the mucosa had undergone a pronounced squamou»*coll metaploaio. Immediately beneath, 
but not InvoUing tho mucosa, was a pleomorphic cellular neoplasm composed of loosely 
arranged, splndlo-shaped fibroblasts. Tho fibroblasts possessed delicate cytoplasmic processes 
and, with phosphotungstic acid hematoxylin stain, demonstrable fibroglia fibrils. The colls 
wero separated by delicate strands of colingeu. These cells in occasional areas were arranged 
in loose nests, vaguely suggestive of whorls, while In most areas the cells remained more 
discrete with no indication of pattern arrangement AVliilo tho cells possessed large hyper- 
cliromatic nuclei with a reticular meshwork of nuclear chromatin, there was no indication of 
mitotic activity. The neoplasm had a rich vascular supply, but in no area could invasion 
of vessels be demonstrated. Diagnosis ^vu» flbrosareonm of bronchus. 

Following bronchoscoplc removal of a portion of tlie tumor for biopsy, the lower lobe 
atelectasis cleared almost entirely nnd the mediastinal silliouetta returned to normal position. 

On Jan. 14, 1948, a left pnenmoncctomy was done, with division of tlio main bronchus 
at the level of the carina. Tlio individual ligation tccUniquo was used. Except for a small, 
firm, discrete bubpleural nodule in the mid-portion of the lateral aspect of the upper lolxi, 
the lung presented no gross abnormality. There were no pleural adhesions. Tliore were no 
grossly enlarged or abnormal lUlar nodes oucountered. One slightly enlarged nwle was 
found In the angle nt the bifurention of tho trachea. 


•Dr. O. J. Wallenman, Jr. 




Microscopic Findings .—Microscopic exaniinutiou of sections removed from the granular 
portion of the left main bronchus described in the gross findings revealed a polypoid mass 
covered with metaplastic bronchial mucosa projecting into the lumen of the bronchus. Im¬ 
mediately' beneath the mucosa were loosely' arranged spindle cells separated by strands of 
collagen and what appeared to be edema fluid. The spindle cells became more numerous and 
compact at the base of the polyp, and in this area and deeper in the submucosa and 
muscularis of the bronchus, the cells tended to lose their spindle shape characteristic; the 
nuclei were much larger, more hyperehromatic, and in some areas the cells appeared oval 
to round with the nucleus occupying three-fourths of the cell structure. This more anaplastic 
appearance was a definite gradient from the more mature fibroblasts comprising the polyp. 
Although the cells appeared anaplastic and less differentiated than seen in the biopsy speci¬ 
men, mitotic activity- was found with extreme difflculty. In no area was there attempted 
differentiation into the glandular structures, sheets of cells, or strands re mini scent of 
bronchial mucosa origin. The tumor was richly- vascularized, and in a few areas chronic 
inflammatory cells were seen, as well as an occasional focus of lipoid laden macrophages 
(Fig. 1). Microscopic examination of the nodule described in the gross findings as situated 
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beneath the pleura revealed this to be an cncajmulnteil boniijn diondromu jiitantcd adjacent 
to n small bronchiole in tho lung pnronehyiim. This chondroma wq« surrounded by a 
moderately dense fibrous tissue cupaulo and a-ns composed of mature hyaline cartilage. Tho 
adjacent lung i>arcacljynm, us well ua multiple sections from \Tirlous portions of both lobes, 
showed partial atelectasis witliout intlaiiimatory' rourtion. Tliere >vaB no evidence of neo- 
plastic tissue in tlie lung purencliyum. Microscopic exuminatiuii of the necompanj'ing lymph 
node described in tho groan findiuga roveuled nu encapsulated eosinophilic amorphous mate¬ 
rial occupying tho central portion of the node. Tlio ciipsule was eomiMjKd of dense, fibre- 
collngenous tlasue witliout evidence of ccUulur inilnmmntorj* reaction. Microscopic examina¬ 
tion of other lynipli nodes removed from tho lulus revcnle<l heavy carlion pigmentation, but 
otlienviso wore not lignifirantly ulteretl. Dingnoaes: (1) yibrosarcomo, left main bronchus; 
(2) cliondromn, Ix'uign; (3) tulwroilous lymphadenitis, encnjisulatcd. 

The imticnt lind au uneventful jrastopemtive couri-o, and immediately prior to dia- 
diarge from tlio liospital on Fell. 3, IB-IS, broncliotcopy revealed a well-hcnlc<l suture line on 
a piano with tho carinn aud the loft wall of the tmclien. Tlie mucosa appeared normal. 
Follow-up examination on April 3, 1U4S, and again on Kept. J, 104y, w}ven and one-half 
months after rcboetion, showed a normal bronchial mucosn. Tlio patient had no complaints, 
was felling well and attending wliool. 


COMHEXTB 

It is uppureiit, in the lijxlit oC the infrequency witli vvJiieh primary sarcoma 
of the bronchus is encouulcrctl, that no single plim of treatment can bo formu¬ 
lated on the btusis of c.xpcrieucc. The spindle-cell sarcoma rei>ortcd by Baum 
and a.ssoeiates was treated by partial broiichoscopic removal followed by x-rny 
therapy. Death occurred thiity-two montlis later from extensive bilatei’al 
pulnionarA’ tuberculosis. Local rccurreiiec was obsciTed on two occasions prior 
to deatli. This case would suggest that x-ray tlierapy could present au uu- 
worranted risk in any pttticnt in whom trcatmcjit by resection is not contra¬ 
indicated. The patient with fibitwarconm of the broncluis discussed by MuUorj’ 
died of heiiiorrliago from tlie base of the tumor during attempt at pneumonec¬ 
tomy. TIic tibrosarcoina reported by Poliak and associates wa.s treated by local 
removal and fulguration of tho base. They reported that the patient was well 
three years later. 

Our decision to elect pneumonectomy as tho tieatmcut of choice in the 
caso reported here was liiLsetl u[>oii uncertainty as to tlie deptli of invasion of 
tho bronchial wall, althougli no c.xtrabi-oiichial extension could be demonstrated 
roentgenologicolly. A free airway was cstabllslied at the time of partial 
broiichoscopic removal aud persisted tlu'oughout the resection. Subsequent 
microscopic exaniinntiou of the base of tho tumor showed extension of the 
neoplasm lietween tlie cartilaginous rings to involve tho entire tliickuess of the 
broucliial wall. Local i-emoval and destimctiou by fulguration of anything less 
than tlio full thickness of the bixmchial wall in tills case would have failed to 
eradicate the tumor. Since it is conceivable that fibro.sai'coma may simulate 
bronchial adenoma in its munuer of growth, that Is, by a.s.sumiug a “dumb¬ 
bell” shape, wo feel that pulmonaiy resection should Ixj carried out proximal 
to tho site of tlio tumor. The amount of pulmonain^ tissue to Is; sacrificed 
would then depend u]>on tlie location of the neoplasm. 
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SUMMARY 

1. Primary sarcoma of the lung is in itself a rare disease, and primary 
involvement of a bronchus is exceptionally so. 

2. A brief review of the American literature indicates that a total of 
thirty-one cases of primaiy sarcoma of the lung have been reported. We are 
able to find only six reported cases of sarcoma primary in the bronchus. The 
treatment of these has not been uniform. 

3. The treatment of primary sarcoma of the bronchus is discussed. 

4. A ease of primaiy fibrosarcoma of the bronchus, diagnosed broncho- 
scopieally and treated by pneumonectomy is presented in detail. 
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t’lUUOSARCOJrA op THE BRONCHUS 

Harrison Black, MX).* 

St. Louis, JIo. 

D espite the extonHivo oxppnem'e with pulmonaiy ucoplasms in the past 
fifteen years ami despite tlie larne scrii's of cases tliat have been reported 
from various clinics, primary sarcoma of the hiiijr in Kcneral and primary intra- 
bronchial fibrosarcoma in particular must still he rcfiurded as lesions of con¬ 
siderable rarity. At the turn of tlie eeiitury ScydeP" reviewed a large number 
of eases reported up to that time. Among these were many “round-cell sar¬ 
comas” (prolaibly mostly undifTcrentiated bronchial carcinomas or lympho¬ 
sarcomas of the medin.stinum with e.xtcnsiou to the lung). There were also 
several “spindle-cell sarcomas” mentioned, hut we have been unable to verify 
any of them ns primary flbrosareomns of the bronchus from the data available 
in the reports. In this connection it Is well to recall Stout’s*^ statement that 
“it is an utter waste of jinpcr to report a tumor by this title [spindle eeU 
sarcoma] unless the descriiition and illustrations are so goml that an c.xpert 
oncologist, aided by the clinical history, can recognize the true nature of the 
growth from them.” 

A similar lack of adwinatc description makes it impossible to confirm as 
primary bronchial fibrosarcoma a single ono of tho eases of sarcoma of the lung 
which Adler' listed in his liook published in 1912. Jloreover. Adler stated that 
he had never seen a primarj' sarcoma of the long in his iieisonal experience 
and ealled attention to the difficulty often encountered in distinguishing very 
undifllorentiated carcinomas of tho lung (including tho so-eallod “oat-cell” 
tumor) from sarconuis. Because of the failure of many authors to make this 
important diiferentiation, their reported cases have had to be discarded as 
unsubstantiated. 

Edwards" noted tbal in the late 1920 3 there was a rapid disappearance 
from tho literature of reports of largo numbci-s of cases of prunary sarcoma of 
the lung because of Bernard’s reiteration that a more careful study would 
separate the very undifferentiated epithelial tumors from tho sarcomas. Many 
reports are still encountered, however, in which tlie criteria for establishing 
the diagnosis of sarcoma are incompletely described. 

Stout” has done much to clarify the confused subject of fibrosarcoma, and 
it would be weil to set down his criteria for this diagnosis before evaluating 
the individual case repoiis. --Vll tumors except those composed of fibroblasts 
which produce collagen and reticulin fibeis (tho latter being wrapped around 
the individual tumor colls in a characteiistic manner) have been excluded in 
this report. Tho variation in degree of production of these fibera and the lack 
of coUagen in the more undifferentiated fibrosarcomas are ^minted out. The pai'- 
eut cells are almost always fusiform when cut along the long axis and are dis- 

STom the Laboratory of Surgical Pathologj-. Department of Surgeri'. tVaahldgton Univer¬ 
sity School of ilediclne, and Bamee HoapRot 
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SUMMARY 

1. Primary sarcoma of the lung is in itself a rare disease, and primary 
involvement of a bronchus is exceptionally so. 

2. A brief review of the American literatui’e indicates that a total of 
thirty-one eases of primary sarcoma of the lung have been reported. We are 
able to find only six reported eases of sarcoma primary in the bronchus. The 
treatment of these has not been uniform. 

3. The treatment of primaiy sarcoma of the bronchus is discussed. 

4. A case of primarj-- fibrosarcoma of the bronchus, diagnosed broncho- 
scopically and treated by pneumonectomy is presented in detail. 
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after pncunioiieelomy for a iicuplunm that is not (lescril)ccl except by the 
general term sai'coma. Tn another larger series of eases Jackson'^ mentioned 
six sareonias wliich were all seen as eiidolironeliial growtlis and diagnosed by 
broncboseoi)ie biojjsy. Only one of these was a “spindle-cell sareoma,” and 
there was no farther infonnation as to treatment, follow-up, or postmortem. 
jVs no photomierognipbs or histologic description were available this case has 
also been excluded. 

In recent j’ears the most eoinpi-eheiisivc paper on the subject of primary 
pulmonary sarcoma is that of Ball.’ In his review of the literatiu’o he found 
fourteen eases which he cousidcrtsl veriflable in addition to his own. Among 
these were six cases diagnosed as “ronnd-eell sarcoma,'' a term which probably 
implies that they were lymphosarcomas. Since this neoplasm is not being 
considered in this report, and since they cannot Im cla.ssified more accurately 
from the published data, thej’ have l)cen eliminated. Five others, including 
those of Edwards,' .Stevens," ami Pritchard” were found to have inadequate 
histologic study and description. Another was termed a “fibiachondroadenoma 
with osteoid tissue.’’ This leaves oidy the cus('s of Bosohowskj’” and Ball,’ both 
of which liuvo adcspiate histologic description to sulwtantiate the diagnosis of 
fibro.sarcomn. The.so tumors, however, occupied almost the entire lung and 
their site of origin, whether from the pleura or liulmonary parenchyma, is not 
clear. From the descriptions it Is impossible to include them with polypoid 
fibrosarcomas of the bronchus. Other cases which were discarded for the same 
reasons are tho.se of Ellis," Jlallory,”-” Lyssunkin,’*’” Scheidegger,” Stohr 
and Saclis,” and Klemperer and Habin'’ although they are welMocumenfed 
fibrosarcomas of the lung or pleura. 

Other reports of tumors which were diagnosed as fibrosarcoma primaiy in 
the lung have been reviewed but have been found deficient in one or more 
respects for inclusiou with veiTlled cases. Thus, the reports of Rolleston 
and Trevor” and Lange" must be discarded because of inadequate histologic 
description and that of Jlullory’” Imcauso the pulmonaiy tumor was not 
definitely proved as primary', although the histologic description appears to 
bo adecinate. 

This leaves only five ca.ses from tlie entire medical literature (see Table I) 
which can be considered primary flbrosaraomas of the bronchns. Ad are 
polypoid bronchial tumoi-s svith vaiying extension into the hmg parenchyma 
and have either good histologic descriptions or photomicrographs from which 
it is possible to verify the diagnosis. 

C.\RE 1 (Bnuni'. *).—Tlie tumor was removed througK the bronchoeeope foUowed by 
x-my therapy. Tho author atuted thut there was no evidence of peralatent tumor ut the 
autopoy of this patient who died of tubercaloais two yeara and nine months after the onaet 
of iUneas, but ono wonder* whether tho "bundles of apparently dbrous tissue running in 
various directions and abutting against necrotic tuberculous tissue" found at the site of tho 
original tumor do not ropresent persistence. It would bo unusual indeed in view of Stout’s 
experiencoJc to find steriiiration of a fibrosarcoma by i-ray therapy. 

Case 2 (John* and Sharpe's).—No treatment was given, and tho patient died of 
respiratory compiications fifteen months after tho onset of symptoms. 
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tribiited in bundles or cords which intei’lace in gentle curves. Occasionally 
areas are found in which the bundles abruptly change direction giving the 
appearance of whorls. Stout thus includes under the heading of fibrosarcoma 
those tumora which others have termed “neurofibrosarcoma,” and to this 
classification we emphatically adhei-e. 

In the true fibrosarcoma mitoses are rare, for most of these tumoi’s are well 
dift'erentiated and slowly grooving. The finding of giant cells in a true fibro¬ 
sarcoma is rare and if any significant number of them are seen, a careful 
study generally identifies the tumor as some other form of sarcoma (liposareoma, 
rhabdomyosarcoma, or leiomyosarcoma). Stout recognizes only two forms: 
the weU-differentiated fibrosarcoma with well-developed collagen and reticulin 
fibei’s, little pleomorphism or hyperchromatism, and rare mitotic figures; and 
the undifferentiated fibrosarcoma which has closely packed cells with hyper¬ 
chromatism, pleomorphism, manj'- mitotic figures, few collagen fibers, and only 
delicate reticulin fibers. 

Eecently, several papers desci’ibing large series of pulmonary neoplasms 
have appeared in which passing mention is made of sarcoma. Thornton, 
Adams, and Bloch^^ spoke of one patient with “sarcoma,” otheiAvise un¬ 
classified, which was found inoperable at exploration, and was given x-ray 
therapy but later died. These same authors’ subseciuently listed 5 unspecified 
sarcomas discovered among 91 intrathoraeic tumors in routine chest fluoroscopy 
of 15,000 patients in the outpatient department of the Univeraity of Chicago 
Clinics. O’Brien, Tuttle, and Ferkaney,^’ in a report of solitary shadows in 
the liuig, mentioned one patient with “sarcoma” who has since died; no 
fui’ther details are given. Edwards® reported thx’ee cases of “sarcoma, aU 
ossifying” in his seines of intrathoraeic neoplasms, but we can only speculate 
as to the exact nature of these tumora. The foUow-up on these patients revealed 
that two were operated upon with one postoperative death and one survival 
for two and one-half years at the time of the report; the third was inoperable 
but was alive without evidence of disease two and one-half years after a course 
of x-ray threapy. Harinngton*® mentioned six cases of sarcoma of the lung 
in which the patients were treated by pneumonectomy, one of whom had sur¬ 
vived five years ivithout evidence of recurrence at the time of his report in 
1931. The other patients were all dead mthin two and one-half years of 
operation. 

In their most recent report of patients with pulmonary neoplasms suli- 
mitted to operation, Ochsner, DeBakey, and associates,®^ have had all their 
microscopic sections reviewed by Dunlap. They had previously reported two 
cases of fibrosarcoma, but the more recent appraisal placed these two tumoi’s 
in the class of undifferentiated carcinomas. One tumor, however, still con¬ 
sidered a “neurofibrosarcoma,” was removed by pneumonectomy ivith a suridval 
of twelve yeara. Stout would probably classify this as a fibrosarcoma, but 
unfortunatelj'^ for our present purpose the exact site of oiigin of this tumor i.s 
not given. It is the only case in the literature with apparent cure following 
pneumonectomy, although Neuhof and Aufses®® cited an eleven-year survival 
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Case 3 (Lewsi-"*).—The tumor was removed tlirough the bronchoscope with subsequent 
radiotherapy. There was persistent tumor four months after treatment, but a recent letter 
from the author stated that the patient was well with a negative roentgenogram two and 
one-half years after the institution of treatment. 

Case 4 (Malloryio).—In only tliis one case was an attempt at pulmonary resection 
made, but the patient died of intrabroncliial hemorrhage on the operating table. 

Case 5 (Pollack, Cohen, and associatesco).—The tumor was removed through the 
bronchoscope. Thirty-one months after removal and fulguration, which had been performed 
in 1936, there was no evidence of persistent disease by roentgenogram, bronchogram, or 
bronchoscopy. A recent personal communication from one of the authors (Cohen) stated 
that the patient was lost to follow-up study in 1942, at which time he was entirely well. 
This survival of more than six years is surprising, but owing to the known slow evolution 
of some fibrosarcomas, even tliis length of observation may not be adequate to determine the 
ultbnate outcome. 

Despite the apparent success of endobroneliial forms of treatment in the 
three cases mentioned, it is not a fonn of therapy to which we subscribe even 
though the fibrosarcoma maj' be a slowly growing tumor. In order to remove 
all of the neoplasm we feel that the treatment must be by pulmonary resection 
as in all pulmonary neoplasms. The case reported here illustrates the advantage 
of pneumonectomy, since the patient had palliation for over six years. In spite 
of the unfavorable final outcome, it seems justifiable to believe that a cure by 
radical surgery may be expected in this type of tumor provided it is seen in 
the early stages of development. 


CASE REPORT 

M. A. McC. (History No. 93545), a 46-yeaT-old white woman, entered Barnes Hospital 
on Nov. 12, 1941.** She had a history of several attacks of “flu" nine months previously, 
characterized by coryza, cough, general malaise, and a low-grade fever. Four montlis before 
admission she had another respiratory infection with cough, fever, and small hemoptyses. 
Treatment with sulfonamides resulted in rapid clearing of the symptoms, but one month 
later the roentgenograms showed no change in the shadow in the left lower lobe which had 
been noted previously. Bronchoscopic biopsy was performed, and the husband was informed 
that the patient had a malignant growth. Eepented sputum examinations and guinea pig 
inoculations were negative for acid-fast bacilli. Two thoracenteses failed to demonstrate 
pleural fluid. There was a loss of weight of 10 pounds in four mouths, but no chest pain at 
any time. 

PaM History. —Noncontributory. 

Family History .—A maternal aunt died of carcinoma of the breast, and a maternal 
uncle had carcinoma of the prostate. 

Physical Examination .—The patient was a tliin, fairly well-developed woman appearing 
chronically iU but in no acute distress. Vital signs were mthin normal limits except for 
pulse of 120. The trachea was in the midline, but the chest seemed to have increased fullness 
in the left upper region anteriorly with diminution of expansion at the base. There was 
decreased fremitus and flatness to percussion with absent breatli sounds over the entire sur¬ 
face projection of the left lower lobe. No rales were heard, and the right lung field was 
clear. The remainder of the examination was within normal limits. 

Poentgenogram .—The mediastinal structures were in the midline and complete opacity 
of the lower half of the left lung field as high ns the anterior end of the fourth rib was seen. 
The right lung was clear. 

Bronchograms .—Left main stem and left upper lobe bronchi were well filled, but only 
the apical division of the lower lobe bronchus contained any opaque substance. 


•Referred by Dr. John F. Dicks of Nerv Orleans, La. 
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t luoro^opy. —There wiia normal motion of bolli of Uie iliaphmgm. 

Laboratory Esnuunaliou. —T>nl>omIory pxnininntion was nonoontribotory. 

Bronchoscopy. —In tlio left mniu stem bronehiw appioxiniately I cm. diatal to tho upper 
IoIkj orifice a pol\*}K)iil tumor waa found eoinpletely blocking the lower lobe bronchus, A 
biopsy allowed tho obstruction to W due to a very mdlulnr ui.H)plnsm. 

Operation. —Xov. 17, 1041, under cyelopro(Mine nneslhewin. the left siiUi rib waa 
rcaccteil.* Tho tujiior was locntod in the lo»%er lol>e togolher with a thick-walled absccas in 
the Intenil pcriphoral portion. Tlie ndlu^sions l>etuTen llio lower lobe and cheat >niU were 
dividetl without entering tho nbsci*sj, and the lung was reniovi*<l, employing the individual 
ligation t«liniquo. 

Cross Pathology (Surgical Pathology No. noCHft) (Fig. 1).—Tlio surfaces and pa- 
ronchymn of the left u[)per lobe were normoJ. The lingula and lower lobo presented thickcne<l 
pleura with fibrous adhesions and consolidation. On opening the bronrlms a polypoid tumor 
measuring approximately 1.5 riu. in diameter was found arising from tho wall of the lower 
lobe bronchus occluding it completely. It extended into the sulxllvisions of the lower lobo 
bronchus and througli the brouclilal wall into the .virrounding jmrenrhyma. At tlio inferior 
portion of the liilum tho tumor wie* growing within 12 mui. of the pleura but luid not 
reached it in any jiivn. Tlie free part of the intrabroneliinl i>ortlon of the tumor reached 
to within 12J5 enu of tlio lino of resection. 

Distal to tho tumor tlie lower lobi* was couiplefoly com-olldaled with many areas having 
tho mottleil yellow appearance hugge.ulve of lli«»id deposillon. At tho basal jwrlphoml por¬ 
tion of the lobo there was a niggl'd nbactvs cavity uieusuring 0.0 cm. in diamotor and 
containing noerotic luateriah The upi>er loU' was enlln'ly normal. Lj-mph nodes did not 
appear to bo invaded grossly by tho tumor. 

Microscopic Pathologii. —The prtxlomluantly intraluminal character of tho tumor and 
itr. extension, through the brouchiul wall lowanl the pleural surface is illustrated in Fig. 2.t 
Sections from tlio wall of tho nlvstx'M cavity also showeil tumor. Fourteen IjTnph nodes 
taken from the region of tlie upper and lower lol>o bronchi and two from medial to the 
main stem bronchus wore nogutlse. 

Tho tumor wua comjKihod of spimlle-^IiuiHsl colls (Fig. 3) arranged in whorls in some 
areas. There was iiiodcrato vuriiUion In tho site of tho nuclei, bomo Iwing more rounded 
than otliers, and a modenvlo numlior of mitotic tlguros were seen (Fig. 4). Connective tissue 
stain rovoalod very little intercellular stronio, nud the Wilder stain demonstrated a fine 
roticullu network wrupiK*il around the Individual cells (Fig. 5). The impression was that 
of u moderately undifrerontiatt*d fibrusurcoiim arising os a polypoid tumor in the bronchus 
without doraonstmblo nietustnbis or oxlen>lon Iwyond the lung, althougli it liad broken 
through the bronchial wall and imuded tho lung purencliynm. 

Follotc-up.—Tlie postoperative course was marked by a tomperaturo elevation which 
persisted in the neighborhood of 3S* C. for five weoks with occasional spikes to and 

41)* G, Accompanying this there was leucopenia of about 0,000 with a rolativo lympho- 
c^'tosis (55 to 50 per cent). RoiKsnted search for malarial paroaitca because of tho fever 
and enlarged si<lecn wore negative. Pleural fluid cultures ware likewise negative, and the 
tcmjierature olovTition was never satisfactorily explained. 

After return to her home the patient made a complete recovery except for two brief 
unexplained febrile episodes occurring two and four years after opcratloa. A letter from 
hor in July, 1947, stated that alio was doing houMiwork and feeling welh She spoke of some 
cough “due partly to allorglo Irritation of nose and throat*' but there was no pain or 
dyspnea at that time. X-my examinations of the cheet in Alarch and April, 1947, at the 
Toaro Infirmary in New Orleonst because of rotoming chest complaints revealed a patchy 
pneumonic process in the right lung field. Howovor, follow-up film s in September, 1947, 
showed complete clearing of this infiltrate and no othor departures from the normoL 


•By Dr. Evartii A. Qralinm. 
tTheue slides us well os tlioso submitted from tlio autopsy material, have been 
by Dr. Ljiuren V. Ackerman, Associate Professor of Uurglcal Pathology. Washington 
■fty S^ool of Uedlclne. 

JCourtesy of Dr. W. PL Arrowsmltli, Ochsner Clinic, New Orleans. La. 
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She remained well until Christmas, 1947, at which time she had an illness diagnosed 
as “influenza” with afternoon fever as high as 102° F. In March she was hospitalized at 
the Touro Infirmary at which time the liver was found to be enlarged with a 48 per cent 
bromsulfalein retention. A needle biopsy of the liver was reported as essentially normal. 

Her course was rapidly downhill, and she died April 22, 1948, in the Oclisner Medical 
Foundation Hospital in Kew Orleans. Terminally there was paroxysmal auricular tachy¬ 
cardia with a rate of 140-150, and respirator}' distress which responded to digitalis, quim'dine, 



Eie. ].—p]ioto«Tapli of gross specimen sliowlng- polypoid tumor In lower lobe bronchus. Hllus Is 

to the right. 



Fig-. 2. —Low-power photomicrograph showing origin ot tumor from the bronchus in the lower 

half of the picture (XO). 
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amlnophylline, Mood, and oxyyctu Tlip cWtroonrdiotjinni dofloite eviilcncp ot* myo¬ 

cardial dUca«j, Tljo liver \HTia cnlargetl 4 cnu Iwlow the costal marj^in, and there was 2 plus 
edema of tho extremities. Just prior to death there was ateleettisis of tlie rij^bt lower lolx*. 
and bronchoscopy rovealeil external compression of the riRlit main stem broncliup. 

8ho had survived six years and five months after pneumonectomy and seven years and 
two months after tho onset of symptoms, most of tliis time in good Itetdth, 

Porf'Dior/cni.*—Tlio mediastinum a-aa shifted niarkcilly to the left and the right pleural 
cavity contained 1,500 c.c, of scrosanguineous lluld. Tlio left pleural cavity was com¬ 
pletely obliterated by douse fibrous adhesions. Posterior to the carina there was a largo 
irregular mass which was idontitb^J as degenerating tumor in lyuiph nodes and which ex¬ 
tended aronnd tho left bronchial stump. It also InvadtHl the hilar area of tlie riglit lung, 
compressing tho right umin stem bronchus. The tumor muss mensured 10 by S by 0 cm. 
and invaded the [Kwtorior \\‘aU of the left airiuiu us far as the emlo.'ardium, as well us the 
wall of the esophagus. Tlioro was iuarke<l distentiou of the pericartlial sac with 750 c.c. 
of bloody tiuld. 

iUcroscopIc oxamiuation rovcMed that the tumor wa.-* identical with that removed at 
operation. A representative section Is seen In Pig. d. Then* weri' no meta«tasc9 in the liver, 
adrenals, pancreas, or ol^'wliere outside the llioriix, 

DIKCPsy^lON 

That this neoiilaam is u rai-ily in the lilenitnre must l>o obvious from the 
small number of eases that Imve been fonmj, but it is equalJj- apparent that 
this tumor lias behaved in a manner similar to fihrosari'omus elsewhere, grow¬ 
ing slowly, spreading only by locid invasion, and not producing distant 
nietostasos, Womack and Graham*^ have long held tlio view that many brouohial 
and pulmonary tumors arise from (lie aberrant development of emhrj’ologio lung 
buds and that tho resultant neoplasms can therefore consist of derivatives of 
eidier entodcrnial or luesodomtal elements in the bronclii or a combination of 
these. Tho so-eallod brouehial ndenonm can thus bo considered an epithelial 
variant and the chondroma a mesodermal expression. The neoplasm that is the 
s’ubject of the present report is believed, from a study of many sections includ¬ 
ing those freiu tho postmortem, to be a tumor derived from mesodermal tissue 
only and to bo a classical fibrosarcoma. j\s such it is consistent with this theory 
of origin of some of tlie primary bronchial iieoplnsins, and Uhrstrates a tumor 
of moderate malignant ])Otentinlities. 

SUIIIIAIIY ANO CONCLUSIONK 

1. -V ease of primary fibrosarcoiuu of tho brouehus treated by pneumonec¬ 
tomy is reported. DcaGi occurred from persistent tumor in tho thorax six 
years and five months later. 

2. Review of the literature has revealed only five verifiable cases of a 
similiar nature. Altliough three of tlicse had apparent cure foUowing broncho- 
scopie removal of the tumors, in one ease there was (luestion ot persistence at 
autopsy and in the other two, owing to the known slow evolution of the tumor, 
the two and one-half and six year follow-up iieriods, respectively, may not be 
adequate to detemiuo the ultimate outcome. 

3. It is bolioved that inilmonai'y resection is the only mtional treatment 
of these neoplasms. 

•Description of post-mortem exaniiiuitlon and microscopic slldwp, coiirtesv of Dr. J. C. 
Heothonie of the Ochmer llefllcol Fmmdotlon, X«*w Orleans. leO. 
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PATlb:KT Wkix Kouit Vtuits Latkk 

John J. Curry, Axn Job K. Fuchs. il.D. 

Boston*, Mass. 

I N RECFNT years eoii3i(ler]il)le attention lias lieon given to mieiuscopic exami¬ 
nation of cxpcelonited niaterinl witli a eonsetpicnt advance in the study of 
intrapulinonury cancer. In 19-15 Samper* reported tlic case of a patient who 
coughed up tls.suo wliicli jirovcd to he a grade 3 s(iUQinous-cell epithelioma. 
Bronchoscopie and lipiodol studies failed to reveal tlie source of the tumor but 
four years later, after pneuiiionoetoiny, the origin of the cancer was found in 
the left main bionchua. 

The following ease is reportetl heeauH<‘ it is unusual and rc-emphnsizes the 
importance of mieioscopic examination of coughed up material. 

C. M., n white female, in youn*. w»j* loferroil to tlic Jras^jchuaetts ireiuorial 

IIoBpitals ia April, 1041. Plxcopt for a mihl nitock of ilieviniutic fever elie boil enjoyed 
good hcaUh until about nix wcok« hoforo udminnion to tho honpifnl. .Vt thin time she noted 
a gradual onuct of cough aswoiated with hitormittcat uhooring on>l productive of slight 
uinounU of yellowish sputum. Three week'- Inter kIk* ex)>eru*iice«I u fairly sevoro and 
steady noupleuritie jwiiu in the left >ide of the rhest. clo>*e to the* »leruuni. One week 
lajforo udjuiiwion, whortly ii/tor a hout <»f «ireiiuouH cxeieij'e. !*l)e eougliwl up a lump of 
tlMuo “about the size of nn nlnioiul*’ iind then npproxiumloly one cupful of bright red 
blood. Following this cpiwude eough niid wheezing ditoippeareil. Tlie tiesuc was submitte<l 
to the Leurk' hibomtor}' by her family physieian and the following was reported: Tho 
upeciracn consisted of u gray-red miiHS. nicuxuring 1.5 by 1 eiu., showing an externjil smooth 
gray surfneo ond no doaionstrablo stalk or Iiiiko. On neetion the tiiwie was uniformly gray- 
red and rcMcniblcd fl^h tieeh. itleroecopic diagnosiit won Ilhrowirconiu. The patient woh 
then referred to the IiOHpital heveii days nftor the opihode of oxpoclomtlon and was coni- 
plotoly us^mpioniutie. 

Physical examiimtion revealed a wcII-developo<l and woil-nourished young white girl 
in no apparent distress. Xnsopharyngoscopy results were negative. The traeliea was in 
tho juidlijio and there were no eorvicnJ or oxlJJary nodes. The long helds were clear and 
resonant ajid tho remainder of the examination was likewise not remarkable. 

Lalwratorj' work showed roi>catod Drinalyscg negative. On examination of tho blocki 
the level of hemoglobin was 15 Om. per 100 c.e., leucocytes numbered D,7G0 per cubic niilll- 
melor, and the dlfferontial white cell couut was normal. Stools tested gave negative results 
with gum gualnc. Fluoroscopic examination of tho chost showed normal respiratory move¬ 
ment of both diaphragms. X-ray films of tho chest taken in inspiration and expiration 
wore also within normal limits. Roontgonograms of sknJl and sinuses were negutivo. Tlie 
hospital course was nfcbrllo and asymptomatic, Bronchoscopie examination was twice 
iHJrformedi and revealed n iiomiu} curina with u heaping up of tissue just insido the loft 
main slam bronchus on the mesial wall. Only a small biopsy was jMjssiljle because of tlie 
loeation of the lesion and examiuation of this tissue revealed granulating flhromuscului 
tissue. 

From tJie Kvans ^ItinorlHl, Massachusetts ilcinorlal Hospltnls, and tliu Dvpiirtnient of 
Medicine. Boston University ^hool of iledlclnv. 

Received for publication Aug:, at, 1948, 

•Hamper. 11.: ICxpi-ctoratlon of Carclnonuilous TIsMio Without UocnllslnK Sirens Ui Foui 
Hulw*equent Years, Pneunionectoiny; Hcimrt of n Onsc, PnKL Stalt lleeL, iliiyo Clin. 20i 341. 




tBy Dr. John atriedur. 



Fig. 1.—Low-power view sliowlng whoileil appearance with typical fusitonn cells. A tumor 
giant cell is noted in tlie center of the fleld. (Hematoxylin anti eosin, x200.) 



Fig-. 2.—Higher magnification displaying tivo mitoses. Tlie cells are fusiform 
variability In nuclear size and staining, and possess a finely granular cytoplasm. A capillary 
courses through the section. (Hematoxylin and eosin, X800.) 
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A review of tUo ori/^inul aoctiou from tlio tumor niiuis ahowod tliat it 'viu roughly - 
cm. In diometor and composed of denso interlacing atrands of niodemtol}’^ anaplastic fibro 
bloBta, There were numerous mitotic figures, many of which were atypical. A small amount 
of rathor poorly vascular stroma was prcfiont. The capsule was sharply limited and along 
at least three-fourths of its circumference was covered with stratifleil squamoufl to tmusi- 
tionol epithelium. The diagnosis of rapidly growing tlbroaaroojjiu w.is eoufirmed.* 

Slnco the tumor api>arontly was entirely remosed it was decided not to risk pul¬ 
monary fibrosis by tho administration of x-ray therapy. The patient was therefore dis¬ 
charged from tho hospital and one mouth later rcndmitteil for further brouclioscopic study. 
Thoro was little change In tho appearance of the tnicheolironchial tree from tlie previous 
oxaminatious^ 

Follow-up study was carried out on the patient during the ensuing four 
years aud repeated x-ray examinations of the chest were made, Tlic last roent¬ 
genogram hi July, 1948, was again reported withm nornal limits and she ha,s 
continued to bo well. 

SUIIII-VRY 

The case of a young girl who expeeloraled a rapidly growing fibrosarcoma 
and made an uneventful recoveiy is reported. Follow-np of the ease over a 
period of over four yours lias failed to i-cveal any recurrence, Tho importance 
of a mieroseopie examination of eoughed-np material is ro-emplmsized. 


•Dr.. Charle. BrancJi and Frederic Paikor of the ilollorj- In.Utute of Patholoc^'. 
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A FORBGUT CYST OF THE MEDIASTINIBI 

jM. a. Cassel, M.D., R. T. Cunningham, M.D., and Wilson Weisel, M.D. 

IMilwaukee, Wis. 

T he finding of alimentary and respiratory tract elements in intrathoraeic 
cj^sts continues to he an interesting but rare medical and pathologic dis¬ 
covery. A survey of the literature -• reveals that probably less 

than ten cases of cysts containing esophageal, gastric, or enteric and respiratory 
elements have been reported in the literature.®' It is because of the infrequent 
occurrence as well as the particular pathologic character of the specimen herein 
described that the followng ease is being reported. 

C.VSE Report. —The patieat, a 24-yeur-ol(l white man, wna admitted to tliis hospital 
on Aug. 12, 1947. In 1942 a routine x-ray picture of the chest taken for admission to 
West Point revealed a mediastinal tumor muss projecting to the right. He was sent to 
an Army General Hospital where deep roentgen therapy was given with no change in the 
appearance of the lesion. He was discharged from the service in 1943 because of the 
mediastinal shadow visualized by x-ray. He was followed by repented x-ray examinations 
at this and other hospitals with no demonstrable cliauge in the .“li/.e or character of the 
shadow. 

At the time of admission the patient had no complaints referable to the chest; he did 
not appear ill and physical examination revealed no abnormal findings. The past historj', 
family history, and occupational history were noncontributory to the diagnosis. The laboratory 
findings were not significant. 

On Aug. 20, 1947, bronchoscopy was performed. This showed a subcarinal widening 
with elevation of the right bronchus which was thought to be due to a mediastinal tumor. 

On Aug. 26, 1947, under endotracheal cyclopropane, ether and o.xygen anesthesia, a 
right thoracotomy was performed* through a posterolateral incision, utilizing an intercostal 
approach to the pleural space. A reddish-brown cystic mass was foimd posterior to the lung, 
and protruding from the right mediastinum just inferior to tlie azygos vein. The mediastinal 
pleura overlying the cyst was incised and dissected from the cyst wall, and the azygos vein 
was divided and ligated for better exposure. The cyst was dissected from its mediastinal 
bed. There was no apparent stalk nor connection to the trachea, bronchus, or esophagus. 
However, it was firmly adherent to the vertebral bodies and to dense tissue which extended to 
the left of the spine. Although no large vessels were encountered in freeing the cyst, there 
was moderate bleeding after dissecting the cyst from the vertebral bodies. Hemostasis was 
secured and the mediastinal pleura was closed with interrupted cotton sutures. The lung 
was re-inflated and the chest wound was closed in layers with interrupted cotton sutures. 

The patient’s postoperative course was uneventful and he was discharged from the 
hospital on the eighth pioalop^rative day to continue his university studies. Hollow-up 
examination and roentgenograms have revealed a normal chest. 

From the Departments of Surgery and Pathology, Veterans Hospital, Wood, Wls., and 
the Marquette University School of Medicine, Alllwaukee, Wls. 

Published with permission of the Chief Medical Director, Department of Medicine and 
Surgery, Veterans Administration, who assumes no responsibility for the opinions expressed or 
conclusions drawn by the authors. 

Received for publication May 27. 1948. 

•By Dr. Forrester Raine. 
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Pathologio Examuuition .— 

Groii dexcription: Tlio apoclmen (Fig. 1) ronaifltcd of a c/at measuring 5.5 by 3.5 cm. 
alter formalin fixation. Tbo cyat wall averaged 2.0 to 4,0 cm. in thickness. The inner sur- 
faco was corrugated and graylaU-yellow and coated by a Udek viscid mucous fiuid. Bootioa 
through the wall allowed a mucotial, a muscular, nod an outer layer. 

Micro$copic dcxcriptiow: The wall of the cyst contained the iuner two layers of 
tnlcatlnol tract wall. There was a distinct mucosa, u-ith aubinuco-w. an inner and outer 
muscular coat, and an adventitial fibrous layer. The prlmarj- sections which were cut revealed 
n gastric type of epithelium lining the mucosa. However, after luoltiple sections were cut 
from different areas of the eynt wall, three ty|*cs of epitholiuni could be ideutifieil. In some 
areas esophageal niucoj'a comprimHl of noncornlfylng ariuamous-cell epithelium was teen 
which mergtd into a respirator)' epithelium conhutting of ciliated, goblet cells. In other 
arw* there was a i>oorly defined inucosn which was taller than the other two. The cells 
wero poorly outlineil, but setmied to have the npi>enniuce of stratifli*d mucous glnnils f>acli 
us might !« wvn in the >«tonmch (Fig. 2, J, and B). lu the submucoau tliere were c-ollec- 



Flp. 1, Grow specimen of foregut cyst showing mucosal lining. 

tiona of lympliocytea in both follicular and diffuse fonnatlou. The musculature showed 
distinct circular and longitudinal muscle bundles. The outer hiyer contained fibrons tissue 
and blood vessels. 

The diagnosis was foregut cyst of the mediastinum. 
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mg. 2.—A, Photomicrograph (Ioav power) showing transition beUwen esophageal and 
bronchial epithelium; smooth muscle is seen below the mucosa, B, Epithelial llnmg 
sembllng degenerated gastric mucosa^ 
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UlSCOSSIOX 

The origin o£ these e,vsls has long been a subject of speculation by 
nunieroua investigatoi's. Their occiirrenec primarily in eliildren and the re¬ 
semblance of the epitlielial elements to embryonic prototypes have caused most 
worker's interested in the sulrjeet to turn to emljryologie maldovelopment as a 
probable explanation of tlieir genesis. There have been many theories advanced 
attempting to explain these anomalies. These eoneeirts have been: 

1. Origin from embryonic diverticula of the alimentary s.vstem or 
foregnt. This hypothesis is considered most likely by the majority 
of authors. 

2. Origiir from vc'stigial remnants of the omphalomesenteric system or 
vitelline dnet. 

3. Failure of eoalescenee of the vacuoles ui the transverse axis when 
the alimentary tube is in the solid stage. Thus, a eystie structure 
is left contiguous to some portion of the alimcntarj- tract. 

4. tSoquestration of embryonic multi|iotentiul cntodcrmal cells from 
tlto lung bud urea of the primitive alimentary milage, ivith later 
growth and development. 

5. Imbalance of organizational substuneis in embiyonie life. 

C. Abnormal or Isolating twinning theoi-j- of origin similar to doimoids 
mid teintomas. 

It is clear that no single theory of origin has been found completely ac¬ 
ceptable for mediastinal cysts,” and various iiatliologic processes, including 
metaplasia and neoiilasia, have been invoked to explain the two different 
histologic findings that have been deserilied. 

The histologic pattern of the cyst in our case jircseuts an epithelium from 
both tlie alimentary and bronchial sjaitema. The primitive foregut has poten¬ 
tialities of devclojiing into lioth respiratory and enteric epithelium. Dui-ing the 
fourth week of development of the embryo, lung buds develop as an ovngination 
from the esophagus. At tliis embi'j’onie stage the pinching off of an ontbud or 
divertieulum of foregut could bo carried along by the downward groiring 
lung bud and lodge in the mediastinum or it may remain attached to its 
esophageal origin. Wo are, tliercfore, in accord with those writers who ascribe 
those anomalies to diverticula of the cmbrj'onie foregut. 

The histologic character and differentiation of the various mediastinal 
cysts has been adequately described by a number of authors.*' *■ **■ In 

describing the broncliiogeuic cysts, most writci’s- have considered not only the 
characteristic epithelium, but have stressed the fijidiiig of cartilage in the wall 
of the cyst. The comparative incidence of bronchiogenic cysts ■was illustrated 
by the series of nincty-foui' cases of benign mediastinal tumors reporied by 
Blades,* in wliich twenty-three of tlie tumois were bronchiogenic cysts and 
twenty were teratoid types. It is i>ossible tliat a definite classification of these 
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cysts may be imiiossible, due to complete destnictiou or dissolution of the 
lining, as was found in the case reported by Donald.® In reviewing, we at¬ 
tempted to evaluate the effect of the roentgen therapy Avhich the patient has 
received upon the pathologic findings, but we are unable to demonstrate any 
definitive features that we could asci'ibe to the radiation. 

In the specimen described, the most interesting pathologic feature was 
the varied and transitional character of the epithelium, which was seen in the 
mucosa. A combination of the respiratory or ciliated columnar epithelium and 
the alimentary or stratified squamous and mucous gland type of mucosa has 
been reported previously,^^' but it has not been frequently described in 
the literature. It would, perhaps, be more commonly seen if many sections 
were examined from the so-called bronchial or gastric cysts, or esophageal 
duplications. 

The asjanptomatic natui'e of the ease reported has been a finding rather 
commonly reported by others and indicates nonfunetion of the mucosal ele¬ 
ments.-’ -®’ The fact that these cysts, however, may frequently cause 

symptoms and lead to a variety of complications has been stressed by a large 
number of workers. The common symptoms that have been described in 
association udth mediastinal cysts of this type have been cough, dyspnea, 
cyanosis, hemoptysis, pleuritic pains, recurrent bouts of pneumonia, dysphagia, 
fever, and malaise. j\Iost of the complications arising from the cysts that have 
been described were found to occur in children. These have consisted of 
rupture into a bronchus, pleural space, or the trachea, often due to perforation 
, of a peptic ulcer arising from gastric mucosa,'’ ®’erosion of the vertebra 
■ or ribs or erosion of the esophagus, and, secondarily, they have been the cause 
of atelectasis, pneumonitis, empyema, and bronchiectasis.' Many other anom¬ 
alies that were usually developmental in nature have been described in asso¬ 
ciation with these lesions and the cysts have also been described as extending 
down to and below the diaplu-agm into the stomach.'’ 

The treatment of choice of the posterior mediastinal cyst is undoubtedly 
exterpation in a one-stage procedure if this is possible. Heuer and Andrus" 
have stressed the danger of neglecting these lesions, and the importance of 
operation both from a diagnostic and therapeutic standpoint. These authoi’s 
have further emphasized the hazard and futility of subjecting their patients 
to preoperative irradiation because of the lack of therapeutic response and the 
fibrous reaction resulting from this procedure. The insk of the operation has 
lessened in the past two decades to a point that the danger of thoracotomy is 
not as great as the risk created by the presence of the tumor. 

The procedure used in this patient illustrates the type of operative ap¬ 
proach we prefer in lesions of the posterior mediastinum. We have felt that 
the posterolateral incision Avith or Avithout the removal of a rib has given 
adequate exposure to this region and the postopei’ative recoveiy has been 
excellent in these patients. 
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SUMaiARY 

1. A forcgut type of ])ostcnor mediastinal cyst oceuriiig in a 24-yeai‘-old 
wliitc man is presented. 

2. TIic pathologic examination oC the cyst revealed a lining epithelium 
similar to that found in the I'espiratory tract, e:u)phagu3, stomach, and 
intestines. 

3. The cyst was removed in a oiie-sluge opeiiilion through a iMjslerolateral 
approach with complete recovery. 

Tlio flutliora arc ImlebtiH] (o Mr. Loo Mnrrjueitu Unlvorsity H‘liool of 

Sri'illotno for tlio PIiutomicro'C^;»ln imd lo Dr. Jo.«opli M. Luliits. Pnfliologist, Votorann 
Jlospitnl, WocmI, ttls., and ilnrqnctte I’nivorsity JS'hoo! of Mrdicino, for liiji Milunldc 
aa.<btancc in tiio i»rcpamtion of thU reporL 
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THE TREATJIENT OF SIJIPLE SPONT^VNEOUS PNEUJIOTHORjVX 
P. C. CuKTi, Pavu, Italy, ajn’d Thue Poui^mex, Copenhaoen, Dexmark 

S IllPLE spoutuHcous pncumotbomx is u well-defined clinical syndi’omo es- 
liibitin;' the ibllowiiij; eliaraetcristics: The pneiiniotlioi’ax occurs spon¬ 
taneously (ill contradiatiiietion to urtilleiul or traumatic pneumothorax) aud 
not ns a eomplieatioii of any other marked diseases (inflaminatoiy or tumorous) 
of the lung, trachea, esophagus, or the thoracic wall, and, ftnally, the disease is 
not nccoinpauied by secondarj- infection. 

The etiologj' may vary, a point which it is of the utmost importauce to 
hear ui miud when workbig out the metlioit of treatment. The commonest 
cause seems to bo spontaneous rupture of subpleural valvidar cysts. Evidence 
to this effect was first presented in this eountiy by KJaergaaid (1932) on the 
Imsis of nine autopsy findings (sbe eases reported in the literature, tlirec cases 
peiTjonally observed). The author describes two different types. In one tjqie 
the valve is formed by emphysematous tissue, in the otlier by sear tissue. An 
additional two cases are reported in a later publication, In either case autopsy 
revealed luidtiiilo congcuital cysts. In one ease the cysts comnumicated wiUi 
the pleural cavity through a small aperture. The observations of Kjaergnai-d 
have been confirmed by muuerous other authors ((Jordou; tirapengiesser; 
Sycamore; Caste.x oud SInzzei; ilouricr; (lullbring aud others). On the basis 
of studies of familial cases the possibility was suggested that congenital defects 
in the pulmouaiy tissue may be a contributing cause of the formation of sub¬ 
pleural vesicles with ensuing pneumothorax (Gotzsche; Orrego Puelme and 
Richard). 

Cutler reports cases of spontaneous pueimiotliorax which occurred iu the 
course of artificial pneumotliorax therapy aud were cured after cauterization of 
adliesions. lie is, tliercfore, of the opinion that the causative factor may lie 
small fissures in the visceral plctira brought about by the tractiou of adhesions. 
As regards our Case 2 this explanation seems obvious. 

Based on anatomical, clinical, and e.xperiraental studies llackliu advanced 
the theory that pneumothorax may develop in consequence of a small fissure in 
the mediastinal pleura which in the presence of interstitial emphysema may be 
exposed to overdistentioii aud may burst. 

The mechanical factor i-esponsiblc for the nrpturo of vesicles is assumed 
to be the uicreased pressure which occurs urrder forced expiration in the presence 
of a valvular system (Moekliu). 

The symptoms aud the objective nranifestatious of the disease are well- 
Icnorvn and we shail confine ourselves to rc-emphasizirtg that to some extent the 
Bj-mptoms are proportional to the suddemiess at which tire air enters the pleural 
cavity and tire actual airrormt of air involved. In some cases the synrptonrs arc 
hardly evident, or absent. Roentgenographic examination, however, mnke.s it 
possible to disclose the presence of even qrrito small quantities of air, which arc 
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distinctly observable under forced expiration. In some cases roentgenography 
has furthermore made it possible to detect subpleural vesicles or cysts (Kjaer- 
gaard; Gordon; Sycamore; Castex and Mazzei). By this means cysts sjvere 
revealed in two of the cases studied by us (Cases 5 and 8). 

Koentgenographic examination is usually an insufficient means of detect¬ 
ing minor cysts which do not show up owing to their small size, their location 
or the thinness of the cyst wall. In the more recent literature a few authors 
have mentioned thoracoscopy as a valuable aid in detecting the presence of 
vesicles (Sycamore; Castex and Mazzei; Mourier; GuUbring; Begtrup-Hansen; 
Brock). 

Eoutine thoracoscopic examination was carried out in all our cases except 
two in which roentgenography revealed the presence of cysts. 

In case of complete pneumothorax where the location of the process is 
usually unknown it is advisable to insert the thoracoscope in the fifth or sixth 
intercostal space in the posterior axillary line or in the midaxillary, from where 
one wiU obtain an excellent view of the surface of the lung. The pictui’e pre¬ 
senting itself is most characteristic and cannot possibly be mistaken for any 
other lesion of this area, as it will reveal a smaller or larger number of tliin- 
waUed transparent emphysematous blebs of varyiog size localized within a more 
or less extensive area. Sometimes a fistula is seen (Case 6), but it will gen¬ 
erally be closed owing to the coUapse of the lung. One cannot in all instances 
expect to obtain a complete view of the extent of the process, as it is not always 
possible to look into the fissure.s and the mediastinal surface. Thus, in Cases 
4 and 7 the process appeared to be far more extensive than revealed by thoracos¬ 
copy. The fact that it is impossible to view the entire pleura and thus ascer¬ 
tain the extent of the process wUl undoubtedly necessitate exploratoiT- thorac¬ 
otomy in some eases (frequently recurring pueumotliorax, chronic pneumo¬ 
thorax) even though thoracoscopic examination is negative. 

Considering the results obtained in cases reported in the literature and in 
our omi material and in view of the minimum risk involved by thoracoscopy, 
the institution of rontine thoracoscopic examination is recommended in cases of 
spontaneous pneumothorax. 

The prognosis of spontaneous pneumothorax is generally regarded as favor¬ 
able mth a tendency to spontaneous resorption of the air and re-expansion of 
the limg within a few weeks, but the increased number of eases observed and 
the prolonged period of observation have afforded Imowledge of the serious com¬ 
plications which may occur in the course of the disease, and it is, therefore, no 
longer justifiable to regard the disease as absolutely benign. 

The most frequent complication is the recurrence of attaclts. Cohen and 
Kinsman obseiwed recurrence of symptoms in 10 per cent, Wilson in 20 per cent, 
Kjaergaard hr 15 per cent, Ornstein and Lercher in 30 per cent, Wood in 45 
per cent and Schneider and Eeissman in 20 per cent of the cases studied by them. 
In our material recurrence was obseiwed in five cases of eight. The number of 
recurrent attacks is greatly vaiying, from one or two (as seen in the majority 
of eases) to numerous. Thus, Locke reports a case of eighteen recurrent at¬ 
tacks. Also the intervals vary greatly. It is obvious that the patient may 
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be troubled by recurrent attacks for a uunibor of years. In rceurront attacks 
tlio symptoms are freciuently mild or indcfbiable and are sometimes oidy mani¬ 
fested by slight functional dyspnea wliieU makes it difficult to establisli a correct 
diagnosis (Seiuieidcr and ncissman). It is, tlieiefore, likely that the incidence 
is higher than generally assumed. 

In other eases the spontaneous pjicumothora.'c becomes ehronie, for example, 
when traction of adhesions prevents healing of the fissure (Kjaergaard; Hoyer 
and Clagctt; llainini and .lUvniTz; Babington; Schouer and Erlieh). In the 
presence of fairly large aecumulalioiLs of air this may give rise to a permanent 
feeling of oppression of the chest and dyspnea. The patients are frequently 
weak and miserable and are progressively losing weight which makes them look 
like hunger patients (Block). 

The presence of a valvular system always involves the risk of the patient’s 
developing tension pneumothorax, always a serioiLs condition which, if imtreated, 
may result in death. Kjaergaard observed this complaint in 10 per cent of his 
eases, ilovitt hi IG per cent. Cases of bilateral tension pneumothorax are re¬ 
ported by AVood and by Emerson and Beeler. 

Finally, there are occasional occurreiiccK of pneumothora.x complicated by 
hemotliora-x; Kjaergaard reports two cases out of fifty-one. 

The fact that Kjaergaard, in reviewing the literature, found that death 
was reported in she cases out of 200, serves to prove that the mortality rate is 
not quite negligible. In his omi material there are no cases in which death 
may be attributed entirely to the existing piieumothora.x, but hi two eases the 
pneumothorax was complicated by other lesions of the lungs and may safety be 
regarded as a contributing cause. In one case the patient developed pneumonia 
of the collapsed lung and, subsequently, pyopneumothorax; in the other case a 
left-sided tuberculosis was treated with artificial pneumothorax when the occur¬ 
rence of a right-sided spontaneous pnoumothorax resulted in death. 

TRE.\T3IE.N'T 

As the ordinary conservative therapy consisting of complete rest in bed 
for some weeks and, in cases of mediastinal displacement and tension pneumo¬ 
thorax, exsufllatiou, often proves to bo uisufRcient even as the initiation of more 
radical treatment, we shall give an outline of the method by which these patients 
should bo treated in the acute stage of illness. 

When the diagnosis has been established intrathoracic pressure should be 
measured. If the pressure is elevated, aspiration should be resorted to until 
the manometer registers zero. Aspiration is like^vise indicated in cases where 
the lung is totally collapsed, even though there is no elevation of the pressure. 
The patients should now bo kept under constant observation and it may be 
necessary to carry out repeated aspirations or, even better, to insert a drainage 
tube (Bulau drainage) ending under water or connected with a permanent 
suction device. The drainage tube should preferably bo inserted in the second 
or third intercostal space anteriorly. The application of drainage averts the 
danger of disastrous conditions occurring and furtlior treatment may bo con¬ 
sidered. 
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Knowledge of the above-mentioned quite frequent complications made some 
authoi-s advocate a more active therapy. They aimed at complete agglutination 
of the two pleural membranes which was attained through the iiroduction of 
chemical pleuritis by means of irritant substances. Hypertonic solution of glu¬ 
cose, blood and iodine talcum were applied for tliis purpose (Hemmel; Bethune; 
Kidke; Singer and associates; Watson and Eobertson). According to Movitt 
and associates hypertonic glucose is of doubtful value as, in some cases, it gives 
rise to great exudate but no adhesions. Injection with blood may lead to the 
formation of fibrin clots preventing re-expansion of the lung. Iodine talcum 
and similar Iciuds of powder produce severe pleuritis with marked thickening 
of the pleiu’a which becomes liable to contract, another factor iireventing re¬ 
expansion of the lung. In patients treated by this method autopsy findings 
revealed thickenings of 1 cm. (reported by Eoss and Fullerton). 

The application of silver nitrate yielded more favorable results. This 
method was introduced by Brock in 1932. While the patient is Ijung on the 
back about 0.5 to 1 c.c. of silver nitrate in 10 per cent solution is injected into 
the third iutereostal space and at the same time exsufflation is carried out. Dur¬ 
ing the first two or three days there is an accumulation of fluid which is 
aspirated. Fever and pain persist for four or five days. The pleura is said to 
become dry within ten to fourteen days. By this method Brock treated eighteen 
patients, twelve with chronic pneumothorax, six with recurring pneumothorax. 
Complete recovery is reported in all cases. Frequently injections had to be 
administered two or three times. 

THE authors’ IIATERIAL 

For the past two years we have treated eight cases of simple spontaneous 
pneumothorax in the Department of Thoracic Surgeiy of the Eigshospital. In 
seven of these cases subpleural A'esicles or pidmonaiy cysts were detected, and 
in one ease a small aperture of a fistula was observed immediately beneath an 
adhesion. In two cases only did roentgenograpliic examination reveal the pres¬ 
ence of cysts, in the remainmg cases it was necessaiy to cany out thoracoscopy 
in order to be able to establish a correct diagnosis. Of these eight patients four 
were women aged 20, 21, 26, and 30 yeai-s, respectively, and four were men 
aged 24, 29, 42 and 55 years, respectively. In all these cases the cysts were 
located in the upper lobe particularly in the lower portion of the anterior margin. 
There were five instances of left-sided involvement, tlrree instances of right-sided 
involvement. Three eases were treated with silver nitrate and in five cases 
pulmonary resection was carried out. 

TRILVTMENT WITH INJECTION OF SIEVER NITRATE (THREE CASES) 

In three cases we used the method of Brock, slightly modified. When the 
lesion had been localized by means of thoracoscopy we inserted a long cannula 
into the thoracoscope and injected 0.5 to 1 c.c. of silver nitrate m 10 per cent 
solution into the sui’faee of the lung corresponding to the location of the lesion. 
This part of the procedure is most painful and is carried out under general 
anesthesia. 
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Cahc 1.—B, IT., a nmn, 42 ywim, liiul proviously been in gocnl health. 

On Juno 9, 1940, ho Buddcnly oxperionceJ llea^'y pain in the left side of the cheat 
with great dyspnea and had to go to bc*l. The rocntgenogniphic examination whicli was 
cnrrie<l out a couple of <]a>-8 later diFcluH.^d complete collapao of tho entire left lung. Four 
months later complete ro-exuunaion of the liing \vnji obscn’cd. On Jan. 11, 1947, tho patient 
experienced a aimilnr attack while starling a motoroar, also tills time tho attack ^rui accom¬ 
panied by grent dyspnea. Oa Janonry 1.1, roentgcnogmpluc examination revealed a great loft- 
ridetl pncumothoiox wltli displnconicnt of the lumit anti mediastinum toward tho right. On 
Jnnuarj* 14, thomcofcopy was carried out. Bnmll cnipliy.'*cmatouB blebs were obscrrcil in tho 
anteroinferior iwrtion of the upper loin?, near tho llasure. About 1 c.e, of silver nitrate in 
10 per cent solution waa uprinkled onto this locaUom On follow-up examination in July, 
1947, the patient Imd recovoroil complotcly. Koentgentigraphy showctl complete ro-cipanaion 
of tho lung and there was no evidence of exudate or thickening of tho pleura. 

Cask 2.—J. J., n man, agt^l 21 yeura, was admitted to the hospital on April 4 and 
dbchurgetl on April 25, li)47. 

Ho liad been hospitalizctl elsewhere twice In 1944 nml oni’o in 1945 for spontaneouB 
pneumothorax. lie received <'on<er\'ntl\e ireutmenl. The onset was sudden aud could not 
particularly l>o abcrilvotl to e.xertion. The nttneks wore nccompunietl by violent pain in the 
right side of the chcht, radiatiug into the una, and the patient waa sufTering from dj*8pncn 
and a dry cough. Xo piovlous mnnlf«'slntions of tul)erculohis had been noteil. 

On April d, 1917, tho parienf ex|M‘rieuco<l a rwum-nt attack in coni»e<|ncDCO of wliich 
lio wins udmittc<l to this hospital, Iloeutgenogmphic examination revealcsl u large right-sidetl 
pncumotlionix with no dinplac.'mcut or exudiue. On April S, tliomco<copy waa carried oat. 
No cysts or blelta were wen, but ‘m the other hand a wide adhesion extcniling fiom tho 
apex to the lop of the cuiwlu was ob>-en<Ml. ncoeiith this nilhcsion tbeio was a minor cavi¬ 
tation containing u small amount of hen>»unguincoiiH fluid. On the nKbuniption tlmt this Imd 
been tho site of ii small ruptur<.i( blob uiwut I c.c. of silver nitrate in 10 i>er rent solution 
was injecteil onto this location. 

A rocntgcnogmphic check on April 15 re\*calod nlniobt complete re-expansion of the 

long. 

On ilay 5, 1918, however, a large pneumothorax was once more ohscrvetl, wherefore 
cxHufllation was carried out. 

On follow-up examination on May 28 the patient was feeling well and complete re-ex- 
imniion of tho lung was obfcoiwcd- 

Case 3 (I'igs. 1 and 2).—E. I#., a man. aged 55 years, was admitted to hospital on 
Juno 10 and disclmrged on July 22, 1947. 

During a cooghlng fit in November, 1040, the patient suddenly experienced violent pain 
in tlio right ride of tho chest, accompaniel by great dyspnea. Tho attending physician ascer¬ 
tained the presenco of a right-sldetl pneumothorax; rocntgenographic examination was not 
done. In tlio following days TCi>eate<l aspirations were carried out and after one montli in 
bed tho patient n-as feeling quite welL In Moy, 1947, ho oxi)crience<l another attack of 
exactly tlio soniu nature and was admittod to tho hospitaL Koentgenographlc examination 
rovcalod a total right-sided pneumothorax with displacement of tho mediastinum. 

On June 10 tho patient was admitted to tho Sigsliospital He was lean, weak, and 
anoretic. Thoracoscopic examination tho following day rovoaJeJ collapse but no atelectasis 
of tl>e lower and middle lobes. Numerous wide adhesions were won over the upper lobe 
whicli obscured the view considerably, but no cysts or fistulas wore seen. About 1 c,c, of 
silver nitrate in 10 per cent solution ^vn8 injected, a drainage tube was Inserted into the cavity 
and permanent suction applied. 

The follo\ving days tho tomporaturo ranged between 38A ami 40“ C. Iloentgonograpliic 
examination on Jnne 10 showed that n large pncaimothorax persisted in tlio upper part of 
the lung. Tliorncoscopy was tlicrcfore rcpentcil on Juno 17, this time high in the axillary 
legion. Tho lower part of the lung had liccomo re-oxpandod, but In tho upper part a cavity 
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with, numerous adhesions persisted. A second injection of about 1 c.c. of silver nitrate in 
10 per cent solution was administered and another drainage tube was inserted into the top 
of the axillary. 

As there was a persistent rise of temperature, penicUlin and sulphathiazole were admin¬ 
istered as from June 26, whereupon the temperature dropped to normal. A roentgenographic 
check on August S revealed a fairly large exudate but no pneumothorax. 



Flcr. 1. Pie. 2. 

Piers. 1 and 2 (Case 3).—Roentgenoerams immediately before and eight months after 
silver nitrate therapy. Pig. 1 reveals a pneumothorax in the upper part of the right lung 
with displacement of the trachea toward the left. Pig. 2. The roentgenogram shows an 
organized exudate over the apex of the lung with displacement of the trachea towards the 
right 


Silver nitrate therapy yielded most satisfactory results in two of the three 
cases so treated, whereas in the third case there was an organized exudate wth 
displacement of the trachea. There is frequently a violent response to the 
injection in the form of fever which may persist for several weeks. The treat¬ 
ment is always painful and in our opinion it is more disagreeable than the 
operative method. 

Even though results are satisfaetoiy in most cases this is, however, only 
a symptomatic method of treatment which does not remove the causative factor 
in the lung. The drawbacks of the methods of producing chemical pleui’itis may 
be summarized as follows: (1) incomplete re-expansion, (2) frequently severe 
plem'al changes and, finally, (3) a combination of the two. 

The latter drawback is, we presume, not quite unusual and may lead to 
development of chronic pneumothorax wliich vnU be resistant to any form of 
treatment by more conservative methods. A case of this nature will be described 
in the following. Since the patient received primary treatment in another 
hospital the case is not included in our material. 

Case History. —A. A., a girl aged 12 years, was admitted to the hospital on April 29 
and discharged on Alay 17, 1947. 

On May 18, 1945, while on a bicycle trip the patient suddenly became affected witli 
oreat dyspnea accompanied by indefinable pain in the chest. The attack subsided spon¬ 
taneously in the course of a few hours. A fortnight later the patient experienced a similar 
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alluck IxrcauKO of which blie wuf* uclniittcil to a llo^pitul clstnrliorc. A lurgo left-aldovl pueuino- 
thorax was obMjrviHl witli (liaplacomcnt of tho heiirt and nlcdin^linum. Numerous aapira- 
tiuDH provcHl InofTt'ctuaL 

On Aug. 20, li)4o, lhonicuacu[(y icvciilwl colIapM' of llu* lung l»ut no iiteloctusis. Tho 
upin;r lobo and tho upjwr iurt of the lower lobe rommunici»tt*tl nnhlially with the thoracic 
wall through numerous wide ndheslons. Xo fibtulu nportuio was sevu, but at tho ba*o of 
one adhesion there was a anmll <'mph\>emntourt bulla. Follovring ciiuteriwxtiou of the ad- 
heblon the lung upiH'ariMl to bo detnehctl. 

Rocntgenogrupldc oxnminntlon on XiixcihIkt (I revealed complete re-exp;insion of the 

lung. 

The imtient was now doing well until ilay 2.'t, 194(J, when the presence of a large pneu¬ 
mothorax was onco more «lcterteil. 2.5 e.e. of tilver nitrate in 10 per cent solution was 
Injcs'teil under ethyl cldorldo anesthesia- In the following dnys repeated aspirations were 
carried out. On the twelfth day 150 e.e. of •)row'nij.h serous liquid was aspirateil. Despite 
repeated subsoquent ust)imtiuns a pneumothorax persisted over tlic u[)i)or part of tho long. 

On April 20 the jjntlent was adniittisl to the Department of Tliorurii* Burgery of tlie 
Rlgshospitnl, where it was ashumoil ilint pleural chnngea were responsible for the failuie of 
the lung to rc-expund. 

On iluy 1 thojneolonjy with 'Icvorlivatiun of ilie lung wus cairieil out. A fairly largo 
pneumothorax was ])U!*iiing tho upper bds* und the iip}>er i*urt of the lower lobe downwanl. 
Kithor lolx' wus covojcd by pleural thickeniugb pnwenting re-eximnslon of tho lung. Xo 
fljrtulus or vcriclos weio K'on. Tl»e lung was dl’<*«erted free qU tlie wny round and excision 
of the inferior liganwutum pulimmale whs |K'rfornied. aul»se<juently the lung l>ecume niuro 
mobile but faiUMl to become comj)lotely nM'Xpunde 1: the thickeni'tl I'leura o^\•^ tho upper and 
lower lobes wns therefore reniovt*tl. A drainage tube was inserted. 

lloentgenogniphle oxunjination cnrrie«l out on May 4 hhowetl a fairly large pneumo- 
tlinrux. Tho pleural eiivlty uns puni-furcd ami about 75 c.c. of serobongulnolent fluid and 
bonio nir were ovncuatctl. 

On May 10 the drainage 8toir|HNl functioning whereupon a IlUlan drainage tube wus 
insortt'd. Now the lung re-oxpan<led. but on May 17 when the patient was dibcimrgel u 
siimll pneumothorax persisted. This was suli> 0 <(ucutly repluml by a Iwulitod exndutc wluch 
was ovucuatcHl. 

Roontgemogruphic examination cnrrietl out in Dtn^omber, 1047, rovealeil incioascd oiudatc. 
Rloural puncture showed tiial the chief iwrtion was organir.^'d, it l>eing pusaiblo to evucuato 
only a few e,c. of hemorrhagic fluid. 

Other methods of li-entinent have lieeu uttompted, hut like the productiou 
of eliemical pleuritis these methods seem <iuito insufficient from a surgical point 
of view. Blecti'ocoagidation of the aperture of tlie fistula miglit produce heal¬ 
ing in some cases but ^vill not I'emove tlie cause of the disease (This metliod of 
trealmout was applied unsuccessfully in onr Case 6). Tho same holds good 
of scarification of tlie pleura (CliurcliiU) and simple suturo of the fistula 
(Jlovitt and associates) either of which i-eipiires fairly extensive thoracotomy. 

PULMONARY RESECTION IN THE TRE.\.TMENT OP SI*ONT-VNEOUS PNEUMOTHOK.\X 

(five cases) 

The developmcut of tliorueie surgeiy I'uk made a more radical therapy pos¬ 
sible. Tlnm, Tyson aud Craiidal as well as Hoycr and Clagett luive successfully 
performed resection of imlmouaiy cysts in spontaneous pneumothorax. lu our 
material pulmonary i-esectiou was performed in five oases with beneficial I’esults. 
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Case 4 (Figa. 3 and 4).—K. N., a girl, aged 21 years, was admitted to the liospital 
on Dec. 12, 1946 and discharged on Jan. 11, 1947. 

In August, 1947, for unknown reasons, the patient suddenly experienced violent pain in 
the left side of the chest accompanied by dyspnea. Conservative treatment for sis weeks 
proved ineffectual. Since then great functional dyspnea persisted and the patient was, there¬ 
fore, admitted to the Department of Thoracic Surgery of the Eigshospital on December 12. 

Eoentgenographie examination revealed total left-sided pneumothorax with no displace¬ 
ment of the mediastinum. Thoraco.«eopy showed an emphysematous bleb about the size of a 
grape in the lingular area—no other abnormalities were observed. 



Fig. 3. Pig. i. 

Figs. 3 and 4 (Cose 4).—Roentgenograms obtained immediately before and tn’elve months 
after pulmonary resection. In Pig. 3 a moderately great left-sided pneumothorax Is seen. 
Fig. 4; 12 months postopemtlvely the roentgenogram reveals complete re-expansion of the 

lung with distinct pleural coverings in the sinus phrenico-costalls. There is evidence of 
partial regeneration of the removed rib. 

On Dec. 27, 1946, thoracotomy was carried out with resection of the affected area which 
proved to be more extensive than revealed by thoracoscopy. Postoperative course was un¬ 
eventful. 

On foUow-up examination on Jan. 24, 1948, the patient was in good health. Eoent- 
genography showed slight basal pleural opacity, otherwise no abnormalities. 

Case 5.—E. H. P., a girl, aged 29 years, was admitted to the hospital on June 4 and 
discharged on July 5, 1947. 

In 1941 slie had left-sided pleuritis. In 19-42, she had an appendectomy complicated 
by pneumonia. Otherwise there was no lustory of previous disease. 

■While walking against the wind, in October, 1944, the patient suddenly experienced 
violent pain in the chest accompanied by great dyspnea. The patient was admitted to a 
hospital elsewhere and a diagnosis of great left-sided pneumothorax was established. Prom 
tills date up to the date of admission the patient experienced five similar attacks. 

On May 11, 1947, the patient experienced a recurrent attack of the usual nature and 
was admitted to the Department of Thoracic Surgery of the Eigshospital on June 4. Daily 
aspiration of about 500 c.c. of air was ineffectual. Subsequent roentgenographic examina¬ 
tion revealed a cyst in the upper lobe about the size of a walnut. 

On June 12 thoracotomy was performed. Three cysts were obsen'ed, one about the 
size of a walnut and two smaller ones at the top of the apex. Some adJiesions extending 
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from tbo cyst to the tliomclc uull were cut ftnd the affectod area rosocted. Puatoperutive 
cour&o was unoventfuL 

On foUoW'Up examination on Au{juj»t 11 the patient was found to bo in good health. 
Roentgenography sliowcd complete ro-oxpansion of tUo lung. 

C.\8C 0.—K. L., a girl aged 20 years, had from eInldho«l a tendunoy to become djTjpneic. 

Rocntgonogrnphic examination carried out nine niontlis prior to hospitnliiation revealwl 
no nbnonualitics. (A subMjqucnt cljcck of tho .x-ray plates, liowever, disclosed a small cyst 
in tho upper lobe.) Six months prior to hospitalization the patient suddonly experienced 
alight imin in tho riglit side of the chest. At that time the presence of n moderately large 
pneumothorax was discovero<l. 

At tho time of hospitnlizatlon the imtient suffered frooi slight d\'spaca, otherwise no 
particular symptoms. Roentgenographie examination revealed n small pneumothorax in tlie 
upper part of tho lung, wherena tho lower parr was found to be adherent to the thoracic wall. 

On August 21 thoracoscopic exandnation revcnlotl tho prcaenco of a largo pulmonary 
cj"fct in tho right upper lobe. At the top of the cyst there was a small aperture the uur- 
roundlnga of which wore clectrocoaguloted. The smoko resulting from this was blown in 
and out through tho hole. A dmlnogo tain* ending imdcr water was inserteil. 

In tlie following days tho tempemturo ro>e from 40 to 41* C. Following penicillin 
therapy the tempemturo gradually retumi'il to n.irniul, but os the pneumothorax persisted, 
thoracotomy u*as pcrformetl on September 0, with resection of tlio cyst wldcli was adherent 
to tho thoracic wall through cordllkc ndhcKiom*. The detached part of the cyst was removed. 
A small bronchus wua seen nt tho liottom. The si>'o walls were electrocongulatetl and sutured. 

On follow-up examination twelve months later there were no complaints. Roentgenog¬ 
raphy showed small pleural coatings over the np*'x and tho diaphragm, otherwise no ab- 
normnlitlGS. 

Case 7.-—L il., a wonuiii ngi*!! .ttt ye:irs, was iidmitlod to tlie hospital on Dec, 5, 11)47, 
and discharged on 22 , 1947. 

Some day In June, 1947, llio patient cuddenJy cxpericnceil heavy pain in the left side 
of tho clrest accompanied by great dyspnea. Sho was oilmitted to a hospital elsewhere. Here 
the patient was found to bo niTected with a total loft-sided pneumothorax with displacement 
of the heart and mediastinum. Following lepcateil aspirations the patient becamo symptom 
free. 

Two weeks prior to adraUsion to tUo Rlgahospitul tho patient experienced a recurrent 
attack of tho same naturu. At the lime of hospitnliintion the patient was suffering from 
slight dyspnea. Roontgenographic examination revealed a total pneumothorax with a sm al l 
exudato In the sinus. 

Thoracoscopy was carried out on December 8. A tliin-waUcd emphysematous bleb 

about the slxe of a clierry >vni oljsoire<l in the upper lobe antoromcdlally. Tho lower lobe 

was atelectatic. 

On December 12 thoraeotomy with resection of the affecteil area was performed. In 

this location there was a cj*st having a pedicle about 2 cm. \rido. A number of cordlike 

adhesions extended from the cyst to tho thoracic wall. Tlio cyst was resected. 

The portion remo\ed uus easily rcinflaW tlixough a small bronchus and now another 
small cyst beenmo visible on one sido of the mllatcd vesicle. In this cyst there was a small 
slit whldi was dosed by a clamp. Thoiciipon it was possible to inflate also this cyst throngh 
another small bronchus. It was impossible to reexpel the air by pressure of the fingers. 
There is, therefore, no doubt that in this case thero existed a valvular system in which the 
ralvulnr veslclo rupturcil. On follow-up examination on Jan. 7, 1948, the patient stated that 
flho was in good health. Roentgcnographic examination revealed complete rc-cipnnsion of 
the lung. 

Cask 8._0. G. H., a man aged .89 years, wns admitted to the hospital on Dec. 31, 1947, 

and discharged on Jnn. 10, 1948. 
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On Dec-. 20, 1947, while working, the patient suddenly experienced violent, shootbg 
pain in the middle of the thorax and the abdomen, accompanied by heavy dyspnea and cough. 
The physician first attending the patient regarded the case as a lesion of the abdominal rectus. 
The patient was referred to the surgical polyclinic of the Eigshospital where the presence 
of a large pneumothorax was detected and the patient was hospitalized. 

Koentgenographic examination revealed total right-sided pneumothorax with no dis¬ 
placement of the mediastinum. In the upper lobe a net like shadow was distinctly observable 
wdiich suggested the presence of cysts in this location. Thoracoscopy was not carried out 
owing to the po.-^itive roentgenographic findings. On Jan. 2, 194S, thoracotomy was per¬ 
formed with lobectomy of the right upper lobe. Superoposteriorly in the upper lobe an 
area the size of an orange was seen covered with numerous vesicles of varying size; nntenorly 
there was an area containing minute densely grouped cysts. Along the lower boundary 
there was a string of fine emphysematous blisters resembling tiny beads. Segmentary re- 
.section was first attempted, but had to be given up, wlierefore lobectomy was carried out. 
A drainage tube with permanent suction was inserted. 

Eoentgenograpliic examination carried out on January G revealed a small jtneumothonix 
over the apex with reflecting liquid. Following pleural puncture 25 c.c. of clear liquid and 
(if) c.c. of air were wdthdniwn. 

On follow-up examination on Febru.iry 9, the patient was feeling well, Eoentgeno- 
grapliic examination revealed that a small pneumothorax, about the same size ns detected 
by e.xamination on January 12, peisiste.l over tlie apex. 

Our experience with operative treatment of the disease has been favorable, 
the follow-up examinations haiing shown .subjective well-being of the patients 
aud the roentgenological changes having been only slight. As a rule we 
observed only obliteration of the sinus angle or small localized coatings of the 
pleura. lu one ease a small pneumothorax persisted one month after the opera¬ 
tion, but from experience gained in other lobectomies it is safe to assume that 
spontaneous resorption will take place. 

Surgical intervention was indicated by chionicity in two cases (Cases 4 
and 6), by recurrence of attacks in two cases (Cases 5 and 7). In one case 
roentgenographic examination revealed the presence of cysts and was thus 
suggestive of an extensive process (Case 8). It is our impression that the 
patients receiving operative treatment do not have to stay in bed for so long 
a period as those receiving silver nitrate injections. The five patients operated 
on by ns left the hospital on the thirteenth, fourteenth, fifteenth, twenty-third, 
and thirty-third postoperative days, respectively. In the last case special circum¬ 
stances prevailed. Patients receiving conservative treatment exclusively fre- 
(lueiitly have to .stay in the hospital or hi a sanatorium for several mouths. 

COXCLUSION 

The present status of thoracic surgeiy makes it pos.sible at practically no 
risk to undertake radical treatment of spontaneous pneumothorax aiming at 
complete extirpation of the affected area. Such treatment is especially indicated 
in cases where chronicity develops or where recurrent attacks or tension pneu¬ 
mothorax occurs. • 

While medical treatment, naturally, does not remove the actual ean.se of 
simple spontaneous pneumothorax, that is, the ey.sts or the vesicles, roentgeno- 
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grujihic uiul espefially thonicoseoiuc* exaniinutioii arc valuable aids iu estabUsli- 
iiig a correct diagnosis and locating the process wliicli, in tuni, makes surgical 
treatment possible. 

Experience eoniirming the theoi’etical views shows tJiat the safest surgical 
treatment is conudete resection of tl»e affected urea. The other more conserva¬ 
tive metiiods, such as the production of chemical plouritis. elect I'ocoQgulatiou, or 
simple suture of tlie fistula, do not fulfill the reciuirements, namely, complete 
recovery, as they do not preclude the pos-sibility of recurrent attacks. 

In cases where it is likely that adliesions will bring alwut rui)ture of tlie 
visceral pleura inisulting in pncumothoi-ax, cniiterization of adhesions \vill un¬ 
doubtedly constitute Hufficient tljcmpy. 

SIMM.VRY 

A survey is given of tlie literature with sjjccial reference to etiolog>- and 
diagnosis. Routine thonicosc'oiiy is I'ccomnieiidcd as a valuable aid in establish¬ 
ing tlie con-cct diagnosis and locating the site of the disease in cases where 
rocntgcnognipliic examination is negative. 

In our series of ciglit patients thoracoscopy was carried out in six cases, 
In five of these eases cysts were delected in the upper IoIk*, in one case a pre¬ 
sumably ruptured subpleuml vesicle was observed at the ba.se of a wide adhesiou. 

Three of our oiglit patieiits m*eived treatment by the method of Brock, 
1 c.e. of silver nitmto in 10 [ler cent solutiou being injected. In two of these 
cases results were satisfactory, whereas in one ease a fairly great oi'ganized 
exudate was .seen over llie top of the lung witli marked displacement of the 
tracliea. 

In five eases rest'Ction of Iho affected area was earned out successfully. 
One month postoperatively a small pneumothorax over the apex of the lung 
was obseiA’cd in one case, tlie remaining coses revealed no abnormalities a])ort 
from insignificant plcui'al opacity. 

The latter method is recommended as lioing the mast rational, whereas tlio 
silver nitrate motliod of Biw'k sliould Ik* re.ser\'ed for debilitated and elderly 
iudindunis whom it would not be advisable to cxjiose to major surgery, and for 
cases of multiple cA’sts. 
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THE ANESTHETHJ BLOUKINO OF THE VAGUS, THE S'l'JU'ATHETlC 
AND THE PHRENIC AT THE NECK IN THORACIC SURGERY— 
ITS PROTECTIVE ACTION ON BLOOD PRESSURE 

Exi’ehuientai, Researcufs 

Franco Soa\'e, SI.D. 

Genoa, Italy 

D uring the ten yeury ITom 1938 to 1948 n considerable step fonvard has 
been made in thoracic surgery, ns is witnessed by the large number of 
operations ancccKsfully carried out and duly checked in the process of time, 
showing the high degree of technical perfection reached by the surgical cure 
of endothoraeic diseases. An important contribution has been offered by the 
coiLstant improvements in nurco.sLs by h\-perpreasi.rrc, while a further improve¬ 
ment has Irecn obtained through the renlimtion of controlled re.spiration, 
enabling tlio overcoming of respirator}’ dithculties caused by an opening in 
the thorax. By way of eurarizntion it is now po.ssiblo to obtain coin))letc 
muscular relaxation of the patient, even when using a motlerate dose of 
anesthetic. 

Through tliis particular form of narcosis it is possible to maintain, in 
all circumstances, an efRciont respiratory exchange, even during the eventual 
opening of both iileund cavities. Thus, while apnea was formerly cause of 
complications and death, today, with controlled respiration narcosis, it can 
always bo obtained when complete unmobilization of the operative field is 
required. It is, however, advisable during endothoraeic interventions on the lung, 
not to reach a total collapse of the healthy loltcs of the lung on the operated 
side, for a complete collapse, extending for a fairly long time, might prevent 
rc-cxpansion in the period inmicdintely following operation (Meier). The 
oi>cning of the thorax nullifies the negative pi’essure essential to the proper 
filling of the licart, with the result that a smaller quantity of blood reaches the 
lung. By using an endotracheal tube which enables the i-espiratory muscles 
to be set at iTSt, this complication may bo relieved, but it is impossible to 
avoid the increase of endopulmouury pressure \yith its consequent increase of 
respiratory resistance. Though by conti-olled respiration and by the use of 
curare a substantial improvement has been reached, yet hitherto it has been 
imiKissiblo to conquer the numerous nervous reflexes caused by operative 
maueuvci’H on endothoraeic, mediastinal mid hilar tissues, resulting in cardio- 
cireulatory depressions, as was demonstrated even recently by Bianculaiia, Dei 
Boll, and Soavo in intubated and curariied animals. 

The pathogeuie mechanism of such phenomena, in wbieh the reflex nature 
appears certain, had been the object of study by a largo number of experi¬ 
menters. Yet the problem of the presence of enrdiocirculator}- and respirotory 
disturlMinces caused by operative maneuvers on the vagosympatbctic plexus 
i-emains unsolved. 


From tho Dopartm«nt ot Surgeo'. Ovnott Uulver«lty (Dir. Prof. L. Strojyinl). 
Received for publication Juno 2t. 1318. 
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Ill order to give a clearer insight of the problem which I am endeavoring 
to examine, I sliall submit a few remarks on lung innervation. 

Tlie vagus nerve of the right hemithorax, after ha\T.ng given rise to tlic 
I'ccurrent nerve, gives off the thoracic branches divided into tracheal, bronchial, 
esophageal, pericardial, and iufraeardial. 

Hoidn and Dei Poli include among the thoracic branches the “middle 
cardiac” which thej" have often noticed arising from the vagus neiwe, below 
the recurrent neiwe, while other authors have found these neiwes actually to 
originate from tlie recurrent nerve. 

The anastomosis of the cardial nerves of the vagus with those of the 
sympathetic-thoracic plexus cannot be definitely set out, owing to their vari¬ 
ability, udthin the frame of a definite scheme (Hovelaccpie); as a rule they 
originate from the stellate ganglion or from tlie second and third thoracic 
ganglia. These vagus-sjnupathetie anastomoses among cardial nerves of the two 
.systems have a great importance, for through them the lung is reached by a 
considerable complex of sjnnpathetic fibers going in a small portion to the 
anterior pulmonary plexus. The larger and more conspicuous group of pul¬ 
monary" nerves detaches itself from the vagus in the section where the latter 
crosses the posterior part of the bronchus. Prom these neiwes originate 
capillary branches, partly innervating the bronchus and partly innervating the 
pulmonary parenchyma and the vessels. The above branches, ivhich have been 
desei’ibed as belonging to the vagus, contain a sympathetic component proceed¬ 
ing from vagosynnpathetic anastomoses of the upper portion of the thorax. The 
bronchopulmonary branches properly anastomosed constitute the posterior 
pulmonary plexus and are particularly laid in proximity of the reflection line 
of the mediastinal pleura on the lung root: Avhile extending toward the hilus, 
a few fibers pass over the bronchus, placing themselves on its ventral aspect. 
Thus, the bronchus, in its segment close to the pulmonary hilus, is mainly 
covered by bronchopulmonary nerve ramifications. On the posterior aspect of 
the root run the bronchial arteries accompanied by their nervous equipment, 
the filaments of which extensively anastomose themselves with those of the 
vagus. In the left portion of the hemithorax the neiwe distribution and topog¬ 
raphy are mauily similar to those of the right hemithorax. It is, however, 
important to lay stress on the fact that, as already demonstrated by Taft, the 
pneumocardial branches of the left hemithorax split themselves at a higher 
level and are surrounded by loose connective tissue, without establishing a too 
close connection udth the vessels and the bronchi, while on the right side the 
same are rather close to the trachea. At a later stage Taft gave much impor¬ 
tance to this anatomic display in order to explain the greater danger of pulLs 
on the right pulmonaiy root noticed by Sauerbruch, Graham, and by Denk in 
human surgery, and experimentally demonstrated by Kusakabe. The latter, by 
electric stimulation of the right pnlmonaiw root of a dog, noticed a more dis¬ 
tinct slackening of pulsation and respiration together with a lowering of 
blood pressuz'e tiian by stimulating the left pulmonaiy root. 


SOAVK: AXfSTHETIC nUWKIXG OF VAOU8, SYJIFATIIKTIC, AND PIIRRNIC Ifl!) 

-h roin the foregoing brief aiintoinic premises it follows Ihnt the fitiictioiis 
of tile eardiiie aiul pulmonary vagus arc likely to be I'eeiprocally influenced. 

The cooling of these nervi^ at the neck causes, indeed, a cardiac accelera¬ 
tion rellcetiug itself in respiratory changes; likewise, the electric stinudation 
of the central trunk of the vagus cau.siei resiiiratory and pressure changes 
proiKirtionnte to the concentration and the duration of the stimulations. 

Stimulations of weak concentration protluce an increuso of respiintion 
frequency and a decrease in the size of the thorax when in an inflationary 
position; an inercase in stimulating power .still increases the.se effects; when tlio 
fretiuency and the intensity become greater, respiration stoiis in an inflation 
liosition wbich may lie turned into a deflation position tbrough stimulations of 
a stilt greater intensity. 

The effects on pics.sure are even more changeable: light stimulations pro¬ 
duce at tiist a lowering of iiressure (Hunt); ineren.sed stinudation decreases 
depres.sing effect; much stronger stimulation increases pressure proportionate to 
its fraipioncy and duration. When the increase of pressure is not very strong, 
the interruption of stimulation produces a docren.se of pressure and a respira- 
torj- acceleration. 

The pressure effect of stitnulation may he transformed into a contrars' 
effect by the uclioti of anesthetics (CVon) or by the eooling of the nerve (Hunt). 

The reason for this variable rcspon.se has been attributed to the presence 
of stimulating and depressing fibers both in the vagus (Heymans, Mae Oswallo, 
Tournadc) and the other sensory nerves (Hunt). 

Cannon and Raiiport attribute the loweiing of pressure to reflex inhibition 
of adrenalin secretion (adrencigic-sympathetic fibers). 

Though the functions of the s.vmpathetic nerve are known in their broad 
lines, they are still searcely known in their mechanical reflexogenie endothoracio 
details. 

Though attributing to the vagus and the sympathetic nen-cs the greatest 
imiiortance in the determination of reflexes on blood pressure and respiration, 
one should jiay particular attention to the diaphragmatic receptors sending 
their impulses to the center and to the periphery by way of the phrenic nerve. 

In natural respiration there are discharges of im])ulses sjuichroniring rvith 
inflation and proportionately larger ns respiration becomes niora energetic. In 
apnea caused by hj-perventilation the nerve rests but becomes active again 
when aspiration is made in the trachea or when the alxlomen is so compres.scd 
as to push the diaphragm toward the thorax (Cardin). 

Discharges of impulses are caused even when a pull in cephalic direction 
is made on the tendinous center of the animal’s diaphragm when the thorax has 
been opened (Cardin). In resi>ect of tension, of change of circulatorj- and 
respiratory conditions, and of blood gases, these diaphragmatic tensorceptors 
behave in exactly a similar waiy as the tension propioceptors of the pulmonary 
vessel (Adrian) oird of the carotid sinus (Jlatthcw and Brouk). It is generally 
admitted that the rhythm and the depth of respiration are governed by nervons 
impulses coming from the lung (Hering-Brener) and reaching the respirator>- 
center through the vagus (.\drinn). 
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Electric stimulations of the afferent discharges directed toward the center 
from the pulmonary fibers of the vagus show that during normal respiration 
rhythmical impulses are determined only during inflation, and the impulse 
frequency in each single fiber is in relation to the entity of distention of the 
lung and is not liable to large variations imtil that particular stimulation lasts. 
By vai'ying the stimulation, respiratoiy modifications can be favored and be 
made to influence blood pressure. This shows that pulmonary receptors are not 
liable to a prompt adaptation, yet in tracheotomized animals balancing and 
adaptation reflexes have been noticed to set in, in order to re-establish a proper 
pressure balance. 

Head, Hommonda, and Wilson explain such balancing reflexes by admitting 
the presence of a further order of afferent fibeis interested in Hering-Breuer 
reflexes. Such fibers displayed their action more especially during pulmonary 
collapse, as was demonstrated during expeiflments made by extracting air from 
the lung, and also during a respii'atory spasm in order to compensate for an 
obstruction (Whitteridge). It seems that the coordinated activity of these two 
fiber systems regulates the rhythm of respiration, thus harmonizing the infla¬ 
tion and deflation mechanism. 

Surgical experience past and present shows that thoracotomy by itself, 
pleural, endothoracic, pericardial, and diaphragmatic stimulation, may cause 
hypotensive reflexes, but it is commonly agreed today that such reflexes mainly 
originate by direct stimulation of the hilus and the pulmonary root. In these 
hilar areas surgeons endeavor to attenuate the vagal-sympathetic tonus by 
using Novocain infiltrations of the pulmonary hilus and its elements. 

0'Shaughnessy observed that respiratoiy alterations particularly foUow 
faradic stimulation of the posterior pulmonary root, owing to the reflexes 
genemted in the posterior pulmonary plexus unusually rich in centripetal vagal 
branches belonging to the bronchial nervous system. By stimulating the anterior 
aspect of the root, and more especially the pulmonaiy veins, 0’Shaughnessy 
noticed a modification of the cardiac rhythm and a fall of blood pressure. This 
author believes that fibers ruuning near the pulmonary veins oiiginate in the 
deep cardiac plexus and have no connection with the vagus trunk. In con¬ 
clusion, the fall of pressure woidd be due to a local reflex foUomng direct 
irritation of the nerve center of the heart. 

According to Bross and Lueken pressure falls are particularly due to the 
bronchoconstrictive action of the vagus. 

Bilfeldt-NiehoUs and Escala Bawden (1946) give much importance to 
mediastinal fluctuation and to mechanical impediment of the blood flow into the 
heart in order to explain the origin of tlie serious hypotensive reflexes. Morin 
and Dei Poli believe that a portion of reflexes capable of producing moi'e 
noticeable changes of blood pressure are exclusively due to stimulation and 
pulling of the pulmonaiy veins; they attach great importance to the sensitive 
receptors of the subendothelial stratum of the pulmonaiy veins. 

The researches made by these authoi’s justify the necessity of Novocain 
infiltration of the hilus and of the pulmonary root. 
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Today, mtli controlled respiration narcosis, it is possible to harmonize, even 
with a wide-open tliorax, pulmonary rhj-thin and thus eliminate a portion of 
the causes likely to discharsc hypotensive reflexes caused by sudden modifica¬ 
tions of pulmonaiy ventilation. 

With the use of curare, relaxation of the lespiratory and intercostal 
mu.sclcs, and even of the diaphrapm, can he obtained if so reipiired. Tet even 
by this technique vasal and diaphrnanmtie depressive reflexes are not abolishcil. 

In llarch, 1947, Parenti submitted to the Societa’ Pieraoutese di Chirurfria 
the favorable results obtained by him in thoracic surpoiy during World War II 
by a simultaneous ane.stbesia of the vattua, of the sj-mpathetie, and of the 
phrenic at the neck. Aceordinjr to him, by this anesthesia pleural shock, 
respiratorj' collaiise, and eouph are attenuated, while operating conditions and 
those of the patient are iniiirovcd. 

Starting from Pareuti’s obsemitions, I made the object of my researches 
not merely to check the practical advantage of his suggestion, but also to 
verify whether by this technique it is po.ssible to attenuate hypotensive raflexes 
not merely arising from the pleura, ns in aeeordanee with the author's promises, 
but origuiating above all by surgical 01011011 x 0111 of the hilus and of the pul¬ 
monary root. 

Such reflexes are particularly dangerous in vagotonic subjects and cannot 
bo completely suppressed by Novocain infiltrations in the pulmonaiy hilus 
(Soavo), In everyday practice, while anesthesia of the s.vnipatbetie and 
alcoholization of the phrenic are used for theraiicutic aims, it docs not appear 
that the simultaneous anesthesia of the three neiwcs (vagus, sympathotie, and 
phrenic) ns studied by me ha-s yet been niiplieil. 

TECHNIQUE 

Tho experiments were made on twenty dogs of robust constitution duly 
anesthetized -ndth a solution of chlorulose, 5 ctg. everj- kilogram weight, and 
urethane, 35 ctg. overj- kilogram weight, administered by intravenous injections, 
tho operating room being kept at a constant temperature, piessure, and moisture. 
Blood pressure during the whole experiment was registerad by comiecting a 
Ludwig mnuometer to the femoral arteiy. Time spent on the operation was 
registered by a tonometer, llagnesium sulfate was used to prevent clots frem 
olistructing blood pi'cssuro leadings. 

Each animal, after general aiiesthesiu, was submitted to artificial i-esiiira- 
tion by way of a Palmer pump and tlie chest cavity was subseiiuently opened 
after tlie removal of a rib. All experiments wore made on the light hemithorax 
for tho reasons just mentioned. 

Tlirough the lateral opening and using a eiuved Klemmer with long and 
thin tongues I have carried out a number of mechanical compressions and pulls 
of the lung root in its entirety, of the lung veins, and of the pulmonary artery 
alone. Such mechanical compressions, stimulations, and pulls have been 
exerted in all animals before and after anesthetic block of the three nerves 
(vagus, sympathetic, and phrenic) at the neck. 
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The iujeetion was made with a very thin needle, using a 0.50 per cent solu¬ 
tion of Novocain, -without adrenalin, in doses of 10 to 20 c.c. After hawng 
pulled aside with a finger the middle margin of the sternocleidomastoid, the 
same finger was used to shift the common carotid and the exterior jugular vein. 
By this maneuver the vagus, which lies at the top corner formed by these two 
vessels, is also shifted and has a tendency to superimpose itself on the sympa¬ 
thetic eoi’d. Having thus externally demated the vessel bundle and always 
keeping the vessels well aside, the needle is deeply inserted until it reaches the 
.stratum of the deep neck mu-seles, and in this area (lower margin of the 
larynx) the anesthetic infiltration is applied. 

It is thus possible to obtain vagus and sympathetic anesthesia. In order 
to reach the phrenic one must push forward the needle point for approximately 
(4 cm. Then, sliding on the prevertebral fascia above the anterior scalene, the 
needle is in the immediate vicinity of the phrenic. 

The complete protocols of the experiments carried out by the author are 
not given here. Only diagrams of some experiments are reported. 

The experiments carried out by me have confirmed that: 

(1) In normal animals crushing of the lung root in its entirety causes a 
considerable drop of blood pressure which becomes accentuated if stimulation 
is made by pulling. 

(2) Crushing of pulmonary veins is followed by a drop of blood' pressure 
considerably lower than that caused by the crushing of the entire root. If 
lateral or inferior stimulation by pulling is added to vein crushing, a more 
pronounced blood pressure takes place. 

(3) CiTishing and pulling of the pulmonary arterial branch causes less 
pronounced alterations of blood pressure. 

The hypotensive reflexes caused by surgical maneuvers have generally 
been proved to be revei-sible, and the level of blood pressure has been estab¬ 
lished in a more or less constant lapse of time (in seconds) for all animals. 

In all animals treated with the simultaneous block of the vagus, the 
sympathetic, and the phrenic at the neck under the same experimental condi¬ 
tions, I have constantly noticed that hypotensive reflexes were always present, 
but much less pronounced and more rapidly reversible. 

The aim of my study was to establish, through a scientific demonstration, 
whetlier this anesthetic block attenuates, better than Novocain infiltration of 
the root, the alterations of blood pressure caused by manipulations of pulling 
or crushing of the lung root after the chest ca-vity has been opened. 

I believe that the block at the neck, by inliibiting a large portion of the 
phrenic, eliminates the diaphragm’s spasm and diminishes reflexes originating 
in diaphragmatic tensorceptors which trouble blood iiressure; in the second 
instance it is likely that simultaneous anesthetic action of the vagus and the 
sympathetic may considerably mitigate reflex&s proceeding from tlie root. It is 
easy to notice this in Figs. I to VII. I have always exerted the pulling in such 
a way as not to cause a shifting of the mediastinum, in order to avoid the 
production of hypotensive reflexes due to the indirect pull of the nervous plexi 
of the hemithorax. 
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Flff. I (ExperlmcDt 1. Trial 1. Control).—/. CruflhlnK and pulllnff of lanp rt>ot In lu 
entirety; i, ^Imllnr maneuver on pulmonar>' volnj*: J, i^linllur maneuver on pulmnnnrv arten’- 
I to VII from Chlru«la. Mlltino. X»*. .Vd lUlH.) 



Fiq-. II (Eximrlinent 1, Trial 2).—After twenty minutes from the provlooi trial the block 
of the throe nerve* Is oxojteil at Uio neck. /. Cruslilntr of the root: ciusldnir of the bronchus; 

J. after ton minutes, crushlnp of pulnjonar>' veins; 1. crushing of pulmonary- arter>-: J, crushlmr 
urn] pullliirr of the bronchus. 



PIff. Ill (Experiment 2. Trial 1. C^ontrol).—/. Crushing and pulllnK of lung root; i. o^er 
ten minutes, crushing of pulmonary veins; J, crushing- and pulllnff of pulmonary veins; 4. after 
ten minutes cnishlnff and pulllnff of pulmonar>’ artery. 
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NOTICE 

In June, 1949, the Secretary of the Board of Thoracic Surgery met with the American 
Board of Surgery, and the problem of those individuals who are neither members of The 
American Association for Thoracic Surgery nor diplomates of the American Board of 
Surgery' was considered. The American Board of Surgery allowed a new group to be ad¬ 
mitted to the Pounders Group at the discretion of the Board of Thoracic Surgery. This 
group will be known as group “ D ” and will consist of other surgeons who are not members 
of The American Association for Thoracic Surgery or diplomates of the American Board 
of Surgery and whose training, because of the period in which it was taken, does not 
qualify them to become certified by' the American Board of Surgery, but who may' upon 
careful scrutiny' and adequate evidence of proficiency be eligible for consideration as 
founder members. 



T he fniluro oC the oollliisod luni' to re-rxiiuiul iiftiT llio oci'um'iieo of im 
attack of aiioutuiicoiw ])iiciiino(honix rcaults in chronic invalidiani for the 
patient. In certain iiLstuncca the persistence of the inieuinothorax hud been a 
major factor in contriltutinj' to the fatal ontcome of these cases. Vet in spite 
of the iwtential seriousness of clironic or rccurrins; pnenmothoru.x, very little 
attention has been paid to this condition in the medical literature. There have 
not been many cases of clironic spontaneous )>ueuniothonix wported in which 
active therapy bus hecn administered. Jlost of these have been treated Ii.v 
chemical irritants. Wo have been able to find only 20 cases in the medical 
litcrutuio in which surgical measures have been cm])loycd/‘‘’ 12 of which have 
been reported during the past year. Because the condition Ls primarily a 
mechanical one, wo are convinced that in most instances suigieal measuios arc 
indicated, if maximtun pulraonaiy' fimction is to Ite preserved. Certain geneml 
Iirinciples of sui-gical treatment have been presented in a previous communica¬ 
tion by one of us.” This report is concerned with the discussion of tlio factois 
predueing tlie spontaneous jmoumotliorux and the surgical therapy employed 
in a series of 15 patients treated during the past ten ycais, 

TKKJIJXOLOaV 

The term, “.si>outuucous pneunipthonix” is ased to designate that tnm of 
pnoiunothorax coming on suddenly in seemuigly healthy jicisons in whom there 
appears to lie no obvious etiology for the pneumothorax. It occurs without ex- 
tenial force and the disease processes responsible for this condition are generally 

Reail at Uie Twenty-nlntli Annual Meeting of The American ,.V«oclation. for Tlioracic 
Surgorj', New Orlcatia, March 20-31. 1349- 
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Fig. 1. A to G (Case 1).—A 6-year-old boy complained of dyspnea and pain In the 1 
chest of six months’ duration. In spite of repeated attempts to expand the lung, It 
chronically collapsed. Following open thoracotomy with resection of the ruptured 
cyst, pneumonolysls of the lung, and pulmonary decortication, rapid expansion of the lung w 
obtained. 

Fig. 1, A and B. —.J, Roentgenogram taken Immediately after onset of attack of 
taneous pneumothorax showing shift of mediastinum, depression of diaphragm, and uen 
adhesion between left lower lobe and chest wall. B, Temporary partial expansion of lung oi 
insertion of needle attached to underwater drainage system. 

Fig. 1. C and R.—Lett lung 85 per cent collapsed wltli shift of mediastinum ® 

right. Compression changes right lung. Left lung compressed posteriorly on 
Marked thickening of visceral pleural shadow. Fluid In left pleural cavity to the dome on 
diaphragm. 
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SPOWTAKJEOUS PNEUMOTHORAX DUE TO 
RUPTURED CONG-ENITAL CYST. 


a. 

Flif. 1, S and F. — B, poitoroontorior view of cbeot two months following operation. The 
lung u completely expanded. P, Lateral view of cliest. Note clearnea* of coetophrenlc angle. 
Fluorogcopy ahowg that the left dlapbragm move* freely. 

Fig. 1, O _Drawing of tho finding* at operation. Lung greatly collapsed and held 

flrndy by on Inelastic visceral pleural membrane. Ruptured congenital c>'*t 1* held on tension 
oy a dense intrapleural membrane. Pleural fluid le present Rapid pulmonary expansion 
followed decortication of the lung, resection of the puImonar>- cyst, and complete pneumonolysls. 
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j)crniaiit‘Ut. It is not onr piir|Kwc to consider tlio many factoi’s responsible for 
tlio prodnelion of em])liyseina. The most important arc eliroiiic or rcjieated 
pulmonary, bnineliial, and lironeliiolar inrcTlion, distnrbaneo in the pniraonarj- 
eireulation, and structnnd deronnitics of the ehesl wall and Inuf; (Itayer and 
Uuppaport'"). With the di-struetion of pulmonary alveolar septa, and the 
thinning? out of the alveolar walls, we liave a ’‘weakened point” in the long. 
It would ho e-xpected that rupture of lhe.se hnllae would Ite common. However, 




, Pie. J, A to P (Cum 1).— a 31 -yenr-oId man had jevere djipnea nml rleht ^eirt Min 
for thren month.. Tho dlogno.!. of .pontancou. pneumothorax wa. made and Uie rient tune 
faUed to expand on reiJeatcJ aipIraUoiui. Patient ■ft'oa unable to work. Weight lo« oi 
fifteen poundiu 

Pig. i, A and D. _ A Routine roentgenogram taken abc month* before onset of apontajie- 

oua pneumothorax read oa negative. B. Roentgenogram thr^ after t^urrence of 

pneumothorax; ehowlng right lung 46 per cent oollapectl. Fluid In left baiie. Extenalve aOhe- 
alon# of right apex. Thickening of >'l»cerol pleural ahadow. 

Pig. 3. c. _ postopemtlvo film showing expansion of right Jung. Patient now well nnil 

working. 
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generally we do not have a valvelike mechanism, as there is usually a free com¬ 
munication mth the bronchus. Thus, air is not trapped, and there is not as 
great tendency for these lesions to rupture as when a valvelike mechanism is 
present. 

Pour of the eases in our series showed evidence of pulmonary emphysema. 
Examples of this t3rpe of lesion are seen in Cases 6, 7, and 8. This finding was 
reported in 13 instances by Brock.^- These eases are seen in an older age group. 
Our patients were 41, 44, 45, and 48 years of age. A history of previous re¬ 
peated respiratoiy infection was given in all eases, which was not time of the 
second gimup. Some dj'spnea on exeilion had been present before the attack, 
but' all of the patients were -working and considered themselves only a little 
below par. In each of these cases large emphysematous bullae were seen, which 
were grossly similar to the more localized blebs. The intrapleural adhesions, 
seen in 3 of the cases near the bullae, may have exerted an abnormal tension on 
the bullae. Certainly, as -^vill be pointed out later, they are an important factor 
' in producing chronicity of the pneumothorax. 


l^ascular adhesions 


9ntra-pleural adhesions' 


bullae 


Flearal fluid 
with fibrin 
clots. ^ 



fne^stie 

ylseeral 

pleural 

membrane 


SPONTANEOUS PNEUMOTHORAX 
TO RUPTURED APICAL BULLA 


DUE 


■Fiir 3 n.—Drawing of right lung seen at operation. Right lung la -15 per cent collapa^ 
and held captive by an Inelastic visceral pleural membrane. Apical bullae are Pf^sent w 
titn of rupture at the base of one. Vascular adhesions hold lung at apex. Pleural fluid w u 
fibrin clots Is present. Resection of the bullae and decortication of the lung effec.ed rapi 
pulmonary expansion. 
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CAUSES OF PERSISTENCE OF THE PNEUMOTHOR.VX 
It is not nhvnys possible to tell exactly ivhy the tiny rent in tlie wall of a 
bulla or cyst fails to heal, especially when there is complete eollapse of the liuig 
and mediastinal shift or herniation to the opjKisite side. Some of the openings 
are so small as to defy macraseopic identification without actually examining the 










SPONTANEOUS PNEUMOTHORAX DUE TO 
RUPTURED APICAL BULLA 


G. 

Fig. 4, A to C (Case ■)).—A 36-year-oia man was weak, tired, and short of breath fol 
lowing an attack of left chest pain three months previously. The attemp^ to expand 
following the diagnosis of the pneumothorax had been unsuccessful. Patient had 
pounds, and had been confined to bed. „ 

Fig. 4, A and B.—A, Roentgenogram three months, after onset of rneuinodiorax. 
lung is 50 per cent collapsed. A suggestion of a large bulla Is seen. B, Fijai now 

i-Mectlon of the largo bulla of left lung. The lung has completely expanded. Patient Is n 

^4 c.—Drawing of the findings at operation. Ijirge apical ruptured bulla Is held 
bv multiple adhesion. Several smaller bullae are present. Lung Is oO per cent collapseo 
The lung expanded rapidly following pneumonolysis and resection of the bullae. 
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lung willi tin) t'lical oiJoiieil widely ami tesliu" lor the iiitertuie with saliue solu¬ 
tion and positive inliabiuiichinl in-cssure. We i-eeognizc four factors as im- 
l)ortant iu accomitiiit; for the failure of the Imis to expand once an attack of 
spontaneous pneumothorax occurs: (1) intraplonral adhesions, (2) ruptured 
congenital cysts, (3) scar tissue in wall of India, bleb, or bronchiole, and (4) 
visceiid i)leurul ineinbi’ane. 



, Flff* O. A to D (CaBO 5).—A ST-ycnr-olil Jupane*o man had iwver© left client pain and 
dyspnea for four month*. Spontaneous pneumotiiorivx wu* dfugno*cd und all nicaaurc* to 
expand the lung Iiad failed. Patient wu* a chronic Invalid. 

6. A and B_A, Pneunwiliorax left with 90 por cent collapw of lung, with Intrapleural 

adJiadon* at ni>«x of lung und diaphra^u Vl»cer«l pleura thickened. B, Following left phrenic 
ParaJ>-alB no expanBlon of the lung. Thoracotomy then performed in 1911 with pnoumonoly*!* 
and no decortication of lung, whlcii we now beliove wn* Indicated in thU caae. 

J'lff. 5, O find D.—O, Two nwntb* after operation den*e pleural ehadow wa* preaent : no 
pneumothorax. L^eft diaphragm Is high. D, Seven yearrf later left pleurogenic flbroala with 
*hlft of trachea and narrowing of lnlorco«tal apiiccii on tJio left. L,oft high froien diaphragm. 
A decortication performetl at time of pneumonolysIs •oven year* previously would Imvo pre¬ 
vented this. 






RUPTURED EMPHYSEMATOUS BULLA 


o. 


Fig. 6, J. to 0 (Case 6).—A 41-year-olcl man complained of slight cough and 
tlon for years. Following an attack of right-sided chest pain, which had been prme 
be due to a spontaneous pneumothorax on the right, he had been Incapacitated. Auei p 
re-expand the lung were unsuccessful. The lung expanded following division of aunesiuna 
Internal pneumonolysls. f i v fine 

Pig. 6. A and B. —A, Right lung 70 per cent collapsed with apex of lung >'^ 1(1 out by ^ 
strlngllke adhesions. A mediastinal hernia Is present. The heart Is shifted to the lei 
Roentgenogram taken two montlis after the pneumonolysls. Right lung has expanded. 
emphysema Is present. Patient Is now well and working. 

Fig. 6, G .—Drawing of right lung as seen at thoracoscopy. RuPtu^red emphysemai 
bulla Is seen at right apex. Lung 70 per cent collapsed. Multiple adhesl^ons folding apex n^^^ 
Sion were severed with cauterj-. Emphysematous changes are seen In the remainder of tn 
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lutmpleurul udbcsioiia were present in 10 ol our 15 eases. Tlicse adhesions 
j)revent tlie lun(j from collapsiutr completely, so that there is tension on Jlie lung, 
and the pulmonary rent is held open. In some instances these adhesions may 
e.xert a “guy wire’’ effect, resulting in a valvelike action at the site of rupture 
of the lung. Since the air is trapped in the pleural cavity, po.sitive pressure 
may be built up to ])ixidueo mcdia.stinal shift or herniation. In addition to the 
high poreeutage of oceurreuco of these adhesions in our series, there have been 
enough eases of spontaneous pueumothoi-a-'t reported in the literature showing 
intrai)leural adhesions to em])ha.size the importance of this 13710 of lesion in 
maintaining the pneumothonix. Sovering of the adliesions in four iustmices 
in our cases allowed the lung to drop away from tlie chest wall and the medi¬ 
astinum. The rent sealed over, and re-expan.siou of the Imig was rapid. 

T.vble II L Causes op Pejwibtexce of Cjico.vic Stoxtan'koi'S PNErnoriiofuts: 

(AiTiions’ Fifteen Oases) 


Pleurul adlioiiona 10 

Congenital c^iit 3 

Scar tlaxue in lung or broacliiolo 5 

Pleural nieaibnuio 7 


The structurul cliunictoristics of a coiij^cnital cyst on* sue]i that on rupture 
there is little tendency for spontaneous healing. TJie oi>ening into the cj*st is 
often a braucli bronclm.% lined by bitnichinl epitbeliuDi. The walls of the cyst 
arc lined with cellular cleuionts of the bronchial epithelium and broneliial walls. 
Since epithelial tissue does not seal over readily, the rapid healing of tears in 
the walla of a congenital c)*3t could not be expected. Tlnia, the very structure 
of congenital c^'sta tends to promote chronicity of the pjicumothorax. 

Lfocalircd biebs may be formed a.s tho result of pulmonary and broucbiolar 
scars. Failure of these I)leb3 to bcal without the presence of intrapleui’al ad¬ 
hesions con perhaps be atti-ibuted to actual scar tissue in tho lung or bronchiolar 
wall, which contracts to hold this apertui'o open. Vet the fact that the great 
majority of this typo of bulla tend to heal spontaneously may mean tliat the 
valvelike mechanism and trapping of air does not persist aiter the lung is 
collapsed. 'When it does persist, a chronic pneumotliorax may result. It is more 
difficult to unde^tand why the mpturo of tliese lesions results in chronic spon¬ 
taneous pneumothorax tliau nith tlie congenital type of cyst. 

■\Ve have observed an additional phenomenon responsible for the per¬ 
sistence of tho spontaneous pnoumothoi-ax, which has not been previously re¬ 
ported. A firm ATscoral pleural membrane was observed in 7 cases (6 of the 
7 patients had sui*geiT), to limit the expansion of tho lung. This membrane 
may be foimcd on the viscoiTil pleura as a result of the deposition of fibrin from 
the pleural effusiou that occurs in some of these eases. When fibrin becomes 
organized, the lung is held captive in this tough envelope. In 1 case (Case 3) 
in which decortication was done, this membrane witlistood a force of 1,500 Gm. 
without rupture. Fig. 3 E shows a photograph of a portion of the membrane 
which was decorticated from tho collapsed lung in this ease. GiNossly it was 





182 


The journal of thoracic surgery 


:i tou"h, fibrous, <>ra 3 '-eolovecl, opiuiuc inenibrane, measuring from 1 to 3 nun. 
in thiclmess. iMieroscopic examination was reported* as follows: 

jMicroseopic examination showed a membranous structure which consisted 
for the most part of fibrovaseular tissue. The fibrous tissue varied from recently 
formed collagen to more compact scantily cellular collagen. The blood vessels 
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Fig. 7, A to n (Case 7).—A 38-year-ol(l man had repeated attacks or left 
dyspnea diagnosed as spontaneous pneumothorax for two years. For three months pa 
totally Incapacitated because of persistent collapse of left lung. Weight loss of fifteen poun 

Fig. 7, A and B .—Chest film in 1945 shows small pneumonothorax left with large em 
physematous bullae on right; 1947, increase In the pneumothorax on the left. 

Fig. 7. G .—Postoperative film shows complete expansion of left lung. Bilateral emphj- 
sematous changes. Patient now well and working. 


By Dr. L. S. Tragerman, pathologist. 



UHKWKIt KT .\I,. : CHRDXH; “SrO.N'TA.NKOrs'’ l‘.\'I!lT.M(ITUOUAX 




wi'i'o mostly eapillnty clmiiiu'ls. A few artoi'iolcs woix; socji. A seaiity louoo- 
cytio iiiflltraliuii Avas iiottsl. Tliis coiisLstfMl mostly of lympiuicytos ami t('iulo<l 
tu ooeur almul vascular cliaiirn'ls. tiomc portions o[ tlic surface of tlie mem- 
Itnuio were eovei'cil l)y fil)riii. some of Avhieli ajApeared old and liyuluiixiu;?. 
Sucli surface areas fretpiently showed iiiesothelial lining cells, at times with 
swollen cytoplasm and prominent nuclei. .Mullinucleatcd giant cells of the 
general appeaiaiico of the foreign Ijody type giant cell were also seen scattered 
near the surface of such lihriuotis zones. No tubercles were .seen. Thei-e was 
evidence of focal hemorrhage interjireted as part of the i-ecent surgical pro- 
ccdnie. h’ig. 3 t' is a microphotogia|>h of a lairtiou of this membrane. We have 
encountered no mention of this factor in the medical liteiatnie. Since almo.st 
one-half of our ea.ses showed this eoinlition. it must be a fairly common cause of 
chronicity of the apoutaueous pneumothorax. 

Before the war we weiv itieliiied to regard all de]iOsits on the pleura as 
“thickened pleura,'' ivgardle.ss of the etiology. As a result of the extensive 
wartime experience'' with tninmatie hemothorax, it has been learned that fibrin 
is deposited on the itlenra in layers. -Vfter varying iiorioiis of time it becomes 
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spontaneous pneumothorax pue to 

RUPTURED EMPHYSEMATOUS BULLA 


, FIc 7, D.—Drawlni of Onjlnn, at optraOon. Bupture.l einpliy«iimtouii buUa U Ptf^nt 
In aubaplcul rccioD- Emphysenintouj clianjfc* ore I'wn in the rcjt of tho lunc. 
i» 50 per cent coUup»ed and hold bj' Inelaatlo vUccral pleiiml nwmbr^e. P^uml fluid Is 
PresunC AnouiaJous vessel extendi from dlophracm to lower nnterlor lun& rneumonolysis, 
pulnmnarj- decortication, and rpscctlon of bulla olTected. Tlio lun^ expaniled rapidly. 
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organized to form a true fibroblastic membrane. The length of time that this 
membrane remains as a separate layer, wliich may be peeled off the visceral 
pleura, depends upon the presence of infection in the pleural cavity and the 
subpleural lesion m the underlying kmg. As has been pointed out, because the 
mpture of the lung is on a mechanical basis and not due to acute pulmonary 
infection beneath the pleura, infection in the pleural cavity has not been noted 



c. 


Fig. 8, A to n (Case 8).—A 44-year-old man had ehronic cough tor years .’ll,,, 
dyspnea, but considered himself well. Three months before admission, following ,J,t^ily 

sided pain, patient had been diagnosed as having spontaneous pneumothorax. He was tom ^ 
Incapacitated and had lost twenty pounds. , 

Fig. 8. A and B. — A, Chest film showing pneumothorax right with complete 
rlght middle and lower lobes, and lll-deflned huge cyst of upper lobe, held up by small am 
slon. Generalized emphysema on left. B, Cyst of right upper lobe has collapsed more, jtp 
adhesion prominent. Thickening of visceral pleural shadow can be seen. 

Fig. 8. O .—Postoperative film showing complete expansion of right lung. 
emphysematous changes and fibrosis ere present. Patient gained tlilrty pounds and Is wo 
Ing steadily as an engineer. 
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iu these cases. Thus the niembruiic does uot Ijceome incorporated by fibro¬ 
blastic proliferation as an integral part of the visceral pleura until several 
montlis have tmuspired, and it may be peeled off oven after a period of five 
months. 

MAONaSIS 

The diagnasLs of the acute attack of spontaneous pneumothorax is usually 
more difiicult than that of the chronic state. The history of acute paiu in chest 
or abdomen, dyspnea, prostration, and shock, coming on at rest or after moderate 
activity Ls well known. The clinical findings, leadmg to the performance of 
diagnostic roentgen examination, have been well emphasized in the litera¬ 
ture'"”* and need uo repetition here. 

Iu the chronic state, usually the diagno.sis has been established before the 
patient sees the surgeon. The ))nticnt complains of dyspnea on slight exertion, 
weakness, aud ease of fatigue. The appetite is poor and the patients are usually 
underweight. A historj- of .some pain in the affected side of the chest usually 



SPONTANEOUS PNEUMOTHORAX DUE TO 

ruptured emphysematous bullae 
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PlfT. 8. iJ.—Drawintr of findlCff* at a|>onitlon. Snmil oneuniotlio^ U A 

<‘mphy8ematQua bulla of the right upper lobe occuplee mo»t of the pleurul cavity 1* 0 ^ 
out by Intrapleural adhciiona. Small point of rupture demon^tod neur ape^ 8n«ll Mtelllte 
bulla 1 b proeent on lower lobe. PleuraJ fluid prc»ent. Right lung luwkodly wllap^ ^Id 

by Inelastic pleurul niombrane. The two bullua were rcocctod and tho lung decortlcatetL Pul- 
nionar>‘ expansion \vxlm rnpid. 
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heralded the attack months befoi-e. On pliysical examination the patieut may 
be either pale or of a dusky appearance, depending on the state of liypoxia that 
is present. Evidence of loss of weiglit is common, and breatJilessness is seen 
with moderate exercise. The signs in the cliast are those of fluid and air in the 
affected side and possible mediastinal shift. Tlie affected side moves less and may 
actually be flattened. Rales indicating moistiu'e in the bjwiehial tree or hwgs 
are usually absent. The pulse is usually rapid after slight exercise, otheiwise 
the cardiac findings are not noteworthy. We have not seen clubbing of the fingeis 
in our eases. 

On roentgen examination the pneiunothorax is seen with varjdng amounts 
of fluid in the pleural cavity. In some instances the visceral plem-al membrane 
shows up on the roentgenogram as a thickened pleural shadow. Usually it is 
impossible to detect the cause of the pneumothorax in the form of a bleb, bulla, 
or cyst of the collapsed lung by x-ray examination. The evidence of subpleural 
blebs or bullous emphysema on the affected or contralateral lung may be present. 
If a marked mediastinal shift is present, the contralateral lung may be com¬ 
pressed and show a mottled infiltration. In the differential diagnosis, it is im¬ 
portant to rule out the piusenec of a so-called symptomatic pueumothorax. In 
most cases of the latter group the overt manifestations of the uiiderlying disease 
are apparent. Careful history will usually elicit the symptoms of pulmonary 
suppuration or tumor, etc. Examination of the pleural fluid by smear and 
culture, and studies for tumor cells are indicated. Giant cysts of the lung may 
simulate a spontaneous pneumothorax. Evidence of trabeculae in the cysts or 
loeiilatioiis of the cysts are important diagnostic aids. In some instances it is 
impossible to distinguish between a giant cyst and a spontaneous pneumothorax. 
We feel that in ))oth instances surgical treatment is indicated. In one of our 
cases a giant congenital C 3 ^st held out by adhesions was present in addition to 
the pneumothorax (Case 2). In a second case a giant emphysematous bulla pre¬ 
sented a similar finding (Case 8 ). Intrapleural pressiu-e readings and the with¬ 
drawal of air in order to effect the expansion of the lung are indicated. How¬ 
ever, one must proceed cautiouslj' if a giant lung cyst is a possibility, par¬ 
ticularly if the lesion is bilatez’al. The danger of puncturing a giant cyst wall 
and thus producing a pneumothorax is always present. We have done broncho- 
scop 3 ^ in a few of these patients in which a bronchial Iflock has been su.spectecl 
or there was a productive cough. Bronchograms are indicated onb' when 
bronchiectasis is considered as being of clinical unportanee. All patients raising 
sputum should have a careful examination for tubercle bacilli by concentration 
and culture. In fact, the presence of cougli and expectoration should warn the 
ph 3 ^sician of a possible other diagno.sis, or that he is dealing -with a s 3 miptoniatie 
pneumothorax. However, one of our patients with bullous emp]i 3 '^sema did have 
an associated chronic bronchitis with cougli and expectoration. With experience 
in treating these cases the diagnosi.s is usual I 3 ' olivions after a careful examina¬ 
tion. 

IXDICATIOX FOR ACTIVE TRE.VTAIRNT 

We believe strongb^ that if the lung remains coUaiised for a period of three 
months after an attack of spontaneous pneumothorax there is a definite indica- 
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fioii for tlio institution ol active iJieraity. Tiio ('Imiit'cs ai’c cxcccdiiiftly siinill 
tiiat llio lung will expand s[>ontaneonsly after tliis i)eriod of time. In tho past 
the inadequate In'atnieiit lias Iieeii due partly to a lack of undei'standing of tlie 
factors responsible for the iiroduetion and i)Oi*sLytonee of the pneumothorax. 
Failure to institute active treatment also steins from a lielief that no active 
titjatmeiit is possible. Bctl rest i.s imjmrtant in the ti'oalmeut of tlie acute spon¬ 
taneous pneumothorax, but Is entirely ineffeetnal in the chronic casc-s. The 
vogue for bed I’est has hecn dictated by the idea that the lung will eventually 
expand and iiccnusc tho diagnosi.s of pulmonary or i>Ieui’al liibereulosis has been 
made. As wc have sliomi, both of these ideas are not well founded. However, 
tho persistent pncumothonix may lx* just its disabling as pulmonary tuberculosis. 
Since the chest roentgenogram most often fails to demonstrate the presence of 
the etiological lesion in tlie expanded lung, we cannot he sure that a similar 
condition exists on tlie contrulatend lung. Fa.ses of bilateral .sj)ontancou.s 
pneumothorax aixi being i*eported in the literature in increasing fretpicncy. 
One of our patients, aged 23 years. <levelop<.sl a spontaneous pncumotliorax of 
the left side following tho successful rcvction of four imlmonar\’ blelw for u 
spontancoiLs pncumotliorax on the right. The fact that tlie right lung was sue- 
i*cssfully expanded following Ihi-ee yean' pneumothorax, with the function of 
this lung preserved, certainly saved his life when tlie left lung suddenly col- 
Inp.scd. X-ray films failed to slmw any jiQllioh.gio chanac in the left lung prior 
to tho occurrence of tlie pneuniuthonix. Tlie oecunenee of a i)neumonia in tho 
uncollapscd lung may result in fatal outc<imc, us rcimrti il hy Fislier.*® Wo were 
called upon to see n itaticnt in whom a chronic Hpontaneons pneumothorax had 
l>ecn present persistently for six yeniN. Although u severe jileural miction was 
present, the lung failed to cximnd. Because of d\*si)nca and chest pain, tho pa¬ 
tient was bedridden and had become n morphine addict. Attempts at e.xpand- 
ing tho lung wens unsuccessful. He died of a i*oronnn' occlusion six ycni's after 
Ihe original attack of spontaneous pncuniothora.x. Tiic impaired respiratorj’ 
function and the liopclcss outlook of the ]>aticnt over n sLx-yenr period con¬ 
tributed to the coronary attack. 

CHOICE OP TR>UTMENT 

Tlie two main forms of tretilment have Iwcn employed to i-elievo chronic 
spontaneous pneumothorax: (1) artificial picuritis hy means of irritnnt.s intro¬ 
duced into tlie pleural ca\dty, and (2) surgical procedures. 

Vanous types of irritants have been placed into tlie pleural cavity to set 
up a \'ioIcnt ])leuritis, so that Avitli tho resultant pleural effusion and fibrin 
deposition tlie aperture in the visceral plcum and lung may be closed, A wide 
variety of jileuml irritants have been used. These include Gomenol,^“ guaiucol,^*' 
iodoform,*” iodizeil oil,*' dextrose solutions,” silver nitrate,'* iodized talc,” 
and others. The mode of employment and i-esults have been well summarized 
hy Brock,” and Henuell and 3teinI>org.” The niimlier of patients treated by 
the production of a .stenlo pleuritis is now well over 100, wliilo in only 31 (IG 
in tlio literature and 15 in our senes) has surgical traatment lieen applied. Tho 
strongest argument for tho use of pleural irritants inaj' be foimd in the fact 
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that Brock/- who has reported the largest series in the literature, chose this 
means of treatment for all but 10 of his patients. 

The popularity of the use of irritants to cause a violent pleuritis is open to 
considerable question. Having been through the early days of “poudrage,” 
as a preliminary operation prior to lobectomy, we have had considerable ex¬ 
perience A\ath chemical pleuritis. Poudrage was the technique of Bethune, 
whereby iodized tale was insufflated into the pleural cavity to produce a sterile 
pleuritis. The adhesions thus formed over the upper lobe tended to prevent 
the collapse of this lobe, should a bronchial fistula develop in the lower lobe. 
The pleuritis so produced resulted in such a violent constitutional reaction that 
the patients were often sicker following this procedure than after the lobectomy. 
This procedure has been entirely abandoned as preliminary operation to lobec¬ 
tomy. The postoperative course of our patients foUo\ving thoracotomy has been 
mild, and the average postoperative stay in the hospital has been one week. 
The postoperative morbidity compares very favorably ■with the chemical pleuritis 
where weeks and months may be required to expand the lung. 

It has been repeatedly shown by bronchospirometry tests that pleural 
effusion resulting in chronic pleuritis with fibrosis markedly decreases pul¬ 
monary^ function. In these eases the main indication of treatment is to preserve 
the pulmonary function at the highest possible level because of the danger of 
bilateral disease. With surgical treatment, rapid expansion of the lung is ac¬ 
complished with minimal pleuritis, because the mechanical defect has been cor¬ 
rected. Minimal pleuritis means maximum pulmonary function. Thus, surgeiy 
is preferred to preserve pulmonai'y function. 

In 7 out of 16 cases (15 surgical, 1 nomsurgical) we have observed that a 
definite pleural membrane was present as the result of a pleuritis in which there 
was a persistence of the pneumothorax. In these cases the production of ad¬ 
ditional pleuritis and pleural thickening would seem to be useless. The lung 
has expanded promptly following oper-ation, and no prolonged period of hos¬ 
pitalization is necessary. Since the lesion responsible for the pneumothorax 
presents a mechanical problem, correction of this mechanical defect is logically 
a matter of surgery. When dense adhesions hold the lung aperture open, the 
deposit of fibrin in the pleura might serve only to produce a limiting membrane 
preventing I'e-expansion. Examples of this result have been reported.^’- lb 
spontaneous pneumothorax from congenital cysts or bullous emphysema, pleural 
irritants are not advisable. The subacute stage of a spontaneous pneumothorax 
produced by the rupture of small localized blebs would seem to be the most 
favorable indication for the use of these irritants. Then only those producmg 
a mild pleural reaction should be used. 

SURGICAL TREATXIENT 

The management of the acute form of spontaneous pneumothorax has been 
well covered in the medical literature^®’ and consists of rest and the adjust¬ 
ment of the pleural pressures to permit a gradual expansion of the limg. TJie 
siu’gical measures for the treatment of chronic spontaneous pneumotliorax m- 
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cludo: (1) closed cntlictcr dwinage, (2) phrenic paralysis, (3) thoracoscopy 
with intonml pnoumonolysia, and (4) thoracotomy with the employment of 
varions surgical procedures. 

Closed catheter drainage is a measure whicli is efficacious mainly for the 
acute and subacute forms of spontnneoiLH pneumothorax. It is important that 
the catheter be intixKluccd in the second intercostal space anteriorly so that 
tiuid or the fibrin udll not clog the tube. IVe include this method of treatment 
for the sake of completeness. It might be tried in certain poor-risk chronic cases 
in the absence of demoiLstrablc adhesions, congenital cysts, pleural membrane, 
or where tension pnouniothorux might develop. 

Phrenic paralysis was first employed by Weiss* in 1930 to relax the dia¬ 
phragm and decrease the tension on the lung in order to permit the pulmonary 
aperture to heal. In 2 ea.Hcs in the literature tliis means was successful.*' ’ Wc 
have attempted it in 1 case (Case 5, Fig. 5 .4 to H) witli an luisucccssful result, 
because of the presence of mediastinal adhesions. Wc believe that plircnic 
paralysis is less desirable tiiaii more direct methods of treatment. 


Table IV. Types or HiROEnv Empix)yed 
(Authors' Kuteek O.^kes) 



CASES 

BUCPDSSFl'L PAnUHE 

Phrenic operation 

1 

1 

CloM^ pneuroonolyeis 

4 


Tbomcotomy: 

13 

IS' 

With pneumouoly'vis 

10 


With resection of cytt 

10 


\\lth decortication 

5 



*One CQBO lunif cxpandc<l, but fallurv to do d«icortlCQtlon tvtultwl tn mArk6d plouroffenlc 
nbro«l* oC lun^. 


Thoracoscopy' is indicated as a diagnostic procedure and, when atringlike 
adhesions arc present, as a therapeutic measure us well. Division of these ad¬ 
hesions Avith the cautery introduced through a thoracoscope was first successfully 
performed by Kipfer^ in 1932, in order to relax the tension on the lung to per¬ 
mit rapid healing of the pulmonary rent. After 3 pneiunonoly’ses, the lung 
expanded. Wc did tliomcoscopy in 4 of our patients. In 2 instances we were 
able to di\dde eordlike adJiesious with resultmit successful expansion of the 
lung. In the otlier 2 cases tlie adliesions were too dense for division. Case 6 
(Fig. 6 A, B, and C) shows the type of adhesions that may be divided by in¬ 
ternal pneumonolysis. Brock thoracoscoped all of Uie patients in his large 
series, mainly for diagnostic reasons, but also as a means of producing artificial 
pleurodeais, by means of the introduction of silver nitrate. In 2 cases adhesions 
were successfully divided. Open thoracotomy offeiu a better visualization of 
the lesion, particularly when tlie exact location of tlio pulmonary aperture is not 
certain, unless the lung is covered with fluid and positive pressure administered. 
At one sitting the definitive surgical treatment can be employed Avith the great¬ 
est conservation of pulmonary function. For this I'eason we have preferred 
thoracotomy to tliomcoscopy. 

Formerly wc reserved tlioraeotoniy for those cases in which phi'enic paraly¬ 
sis or closed pneumonolysis failed. Noav we believe that it is indicated as a 
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primar}^ procedure. It has lieen used successfully by us in 13 instances to effect 
a cure. The senior member of our group (F.S.D.) apparently was the fimt one 
to perform a thoracotomy to relieve a chronic pneumothorax in 1929. The 
pneumothorax occurred in a 3-month-old infant as the result of a lung perfora¬ 
tion in a congenital C 3 'st following the introduction of an aspiration needle. 
Complete collapse of tlie lung occurred and persisted for three montlis. At 
operation the tear in the lung rvas found and sutured. A tubular adliesioii, 
still dangling from the chest wall, was excised. The baby made an uneventful 
recoveiy. From this carlj' experience we have evolved the present-day tccli- 
niques. The surgical procedures available with the chest open are: (1) a com¬ 
plete pneumonolysis, (2) surgical closure of the pulmonaiy opening, (3) re¬ 
section of the pulmonary cyst or bulla, and (4) decortication of the lung. 

A complete pneumonol.vsis may be safeh" performed through the open 
thorax without fear of hemorrhage. The lung is completely freed of tension 
and small lesions will close spontaneously. Pneumonolysis was performed in 
10 eases, in 2 of which it was the sole intrathoracie surgical procedure necessary. 
In these 2 cases the aperture in the lung closed as soon as the tension was taken 
off the hmg. In the other 8 cases, additional procedures were performed. 

Surgical closure of the ruptured bleb or bullae by .suturing has been per¬ 
formed in 2 instances.® We have not tried this as we believe resection of the 
affected area more effective and safe. In 1 of the cases in the literature® death 
occurred on the first postoperative da.v, either of mediastinal emphysema or a 
cerebral embolus. 

Surgical resection of congenital c.vsts and large localized blebs and emphy¬ 
sematous bullae is the most direct approach to this problem. Fii'st reported by 
S.veamore in 1936,®“ it has been performed 11 times in our series and 14 (5 local 
resections and 9 lobectomies) in the literature. Because we strongly' believe 
that pulmonary' tissue should be conserved, only the local or segmental resection 
of the pulmonary ti.ssue should be employed. We have performed local resection 
in 10 case.s, which included several extremely' large e.vsts, and have not employed 
lobectomy in a single case. Lobectomy is to be avoided if possible, for the 
salvaging of even a few segments of a lobe may be important to the patient, if 
a contralateral pneumothoi’ax occurs. Of the 9 cases of lobectomy' reported m 
the literature (Brock, 3, and Hoy'er and Clagett, 1), 1 patient succumbed to a 
contralateral spontaneous pneumothorax three months after operation. Ex¬ 
amples of resection of the various t.vpes of e.vsts and bullae are reported ni 
Cases 1, 2, 3, 4, 7, and 8. 

As the residt of extensive experience in World War II with the decortica¬ 
tion of organized and infected hemothorax,-^ considerable speculation was voiced 
as to what the peace-time application of these lessons would be. In studying 
these cases of chronic spontaneous pneumothorax in light of our experience 
with battle casualties, we realized for the first time that the collapsed lung n' 
these cases was held captive by a thickened fibroblastic pleural membrane in >' 
manner similar to that observed in battle casualties with ma.ssive orgaiiizcc 
hemothorax. In fact, where such a pleural membrane exists, chemical pleiiio- 
desis and the surgical measures outlined previously v'ill not be effective unless 
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lllia membrane can be rcniovctl. The Icebniqnes of decortication, standardized 
during World War II, ai'o applicable hero. We have found pleural niembi’unc 
m 6 cases in this series. 

We are surprised tliat this ])athologic condition lias not been described be¬ 
fore, as there is no mention of tins in the medical litemtnrc. In fact, an easily 
recognized pleural membi*ane (I to 4 inm.)* has been found in these cases. In 
one instance a tough, inelastic membrane withstood 1,500 Om. of iiressure with¬ 
out nipturo (Case 3). The probable reason that this pleural nicmluTine has not 
been described before is that only a few thoracotomies have been performed 
where tlio diugno.sLs could be aeeunitely made. This condition may bo only 
suspected by x-ray examination, and is easily overlooked on tliorucoscopy. 
Actually we failed to appivcialc the siguiticance of such a membrane in the 
l>erforinance of on open tliorucolomy for spontancoiLs pneumothorax in 11)41. 
and failed to do decortication, wliich was definitely indicated (Case 5). Al¬ 
though the ideural opening sealed over, there developed u pleurogenic flbi'osis 
with retraction of the chest wall, fixation of the diaplmigm, and hcniiation of 
the upiKT mediastinum to the affected side. The effective juilmouary function 
of this lung must be very small indeed. Our cxpcrionee with the rajud expansion 
of the lung following decortication in the 5 cases in which this proceduiv was 
done, and tlie minimal pleural thickening that follows this opeintion, leads us 
to believe that bi Case 5 there would have boon a givut increase in the pulmonary 
function of the affected lung had’wc j)erfonac<l the (hn'ortication in 1941. Cases 
Ij 3, 7, and S present cxumph*s of conibinc<l decortication operation with re¬ 
section of the cyst or bulla. 


SURGICAL TKCilNiqUES 

Preopera/ire Prcparutioi *.—In jaepuring thoM* putiealH for oiHimtion we huve u>e<l the 
u*unl mcasurefl tlmt are uovr comaiotilj* cinplo)'C<l for pulmonur}' reifection. In ono Instance 
wlicro tho pneumothorax wua duo to niphire of nu cmphybcniatoua bnUa (Cnao 3) the prea- 
enro of a chronic pioilurtivo cough ncfehaltntcl K'rem] weoka’ prejwnitlon witli penicillin 
by intramnscnlnr injection and uero;<oI route. Therapeutic bronchoifcopy wus helpful in im¬ 
proving tho bronchial dralungo (Cnw 8). In roost instnneea the penicillin wuh ndminlstoreti 
only for several days before surgerj* and continued for two to threo weeks after operation. 
Preoperativo secondary nnoniiu was amended by blood troasfusion. Vitamin C and tlie B 
complex were administered in libenil qanntitiea l>cforc and after operation. 

Operative Technique .—The i>o 0 torolnterul approach wub employed for the thomcotomy, 
using intratracheal anesthesia. In the younger individuals an Intercostal incision was em¬ 
ployed, while in older persons with a more rigid rib cage ono rib 'vns resected. After open¬ 
ing the pleural cavity, sterile saline solution was introduced into tlie plenral cavity to deter- 
mlno the source of the pulmonary rupture, inueli «» one would examine a bicycle tire for a 
leak. With jKjsitivo Intrabronchinl pressure adniinistcred by tbo anesthetist in all cases, 
except one in wlilch wo had freed tlie lung first, the site of tho fistula was instantly obvious. 
Completo pncumonolyiis wus then donu nnd the extent of the resection decided upon. 

Wo have Ube<l simple resection of these i)eripheral letions, clamping the lung and closing 
olT tlie pulmonary' tissuo with mattress sutures of flno silk. In the cate of largo tliin-walletl 
O'sts or bullae, it is well to open tlio cyst widely and proceeil witli the repection by keeping 
tension on the eytt wall. In this manner lung tissue nuiy lx* couM-rved by tho accurate 
i'leutltieiitiun of tlio attuchmeut of tho Iwise of tho cyst to tho lung. It lias not Ixvn uwcwary 
to do a segmental resection, though this procedure may be indicated, where the bleb lies 
close to tlie large pulmonary ^‘cshels. Actually wo havoi dissected out tho largo pulmonary 
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vessels close to the bullae if we felt there was danger of catching the waU of these vessels 
wth our suture. We have limited our resection to the lesions responsible for the pneuniotliorai 
and other peripheral large cysts or bullae which we felt might rupture at some future date. 
An attempt to remove all blebs or bullae is often teclmically impossible without pneumonec¬ 
tomy or lobectomy. We feel strongly that it is not only unnecessary, but is contraindicated 
if we are to conserve pulmonary tissue. 

Decortication is performed if necessary, according to the standard techniques for 
clotted hemothorax.av We have found that the membrane peels off very easily. There has 
been very little oozing from the visceral pleura, which is shiny and glistening following the 
removal of the peel. The lung is carefully checked for broncliial fistula before closure. Tiny 
parenchymal bubbling, coming from the decorticated normal lung, is not serious and will be 
taken care of by the drainage tubes. Drainage tubes are inserted in the second or third 
intercostal spaces anteriorly and the sixth or seventh posteriorly, and are then connected 
immediately to a closed drainage system. The lung usually expands almost completely before 
the chest wall closure. 

Postoperative Care .—The postoperative care is similar to that of a lobectomy, only the 
course is milder and the patients are not as sick. In most instances the patient feels the in¬ 
crease in breathing capacity as soon as he wakes up, and exclaims that he is using this lung 
for the first time in montlis. In only one instance was it necessary to aspirate tracheal 
secretions following operation. This was the case of a hypersensitive woman who refused 
to cough. Penicillin, in 100,000 units, is injected into the anterior drainage tube daily for 
two to three days, and the posterior tube is clamped for six hours after each injection. The 
drainage tubes are removed on the third or fourth days, ns the lung lias expanded and they 
cease to function. 

COJIPLICATIONS 

There have been no complications in any of the adult patients incident to 
the surgical treatment employed. In a 3-week-old baby, the youngest patient 
in this series, a momentary cardiac standstill occurred during operation. This 
baby had spontaneous rupture of a congenital cyst soon after birth. In spite 
of closed catheter decompression of the pleural cavity, she remained in a pre¬ 
carious condition due to the large bronchial opening to the cyst. When we first 
saw her she was dehy^drated, anemic, and in respiratory distress. After twenty- 
four hours’ preparation we realized that the large fistula had to be closed if 
the baby was going to survive. The anesthesia was extremely difficult due to 
the baby’s poor condition. A transitory cardiac arrest occurred, which I'e- 
sponded to massage of the heart and the injection of 1/200 gr. of atropine sul¬ 
fate. Follo'wing the operation she showed signs of cerebral malacia due to 
anoxia. These cleared in six months ’ time. 

RESULTS 

In all our series of patients there have been no recurrences and no deaths- 
All of the patients are leading fairly normal lives, as maximum pulmonary func¬ 
tion has been preserved, with the exception of one (Case 5), where we fade 
to do a decortication. One patient, in whom a bulla was locally resected aftei 
collapse of this limg for almost three yeara, successfully witlistood an attack o 
contralateral spontaneous pneumothorax, because most of the residual lung on 
the affected side had been preserved, and there was little pleuritis on tlie 
operated side. A number of the patients reported in our series have been 
operated upon during the past year, so we do not have long-time follow-up 
studies on these cases. 
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HXniMARY AND COXCRUSIOKS 

Clu'onid aj)oiitaiieoiiR pnouniotliorux is a potentially scrioiw condition, as it 
leads to chronic invalidism which may he just us disabling as chronic pnlmonaiy 
tuberculosis. Spontaneous jineumothoi’ax is not ‘'idiopathic’' for, in the great 
majority of eases, the cause of the pneumothorax may he found in a ruptured 
subploural cyst, bleb, or bulla. The ctioIog.v of these lesions is discussed. We 
recognize the important factors in the persistence of the pneumothorax as being 
the epithelial lining of congenital cysts, the pi-esencc of intrapleural adhesions, 
the scar tissue in the lung or bronchiole, and the formation of an inelastic vis- 
ceroplcural membrane. Since tbe pneumothorax persists because of mechanical 
conditions, surgery is indicatetl for their relief. The only other therapy has 
been the production of a plcurodcsis by violent pleural irritant. AVe believe this 
method of therapy is definitely inferior to tbe surgical treatment presented, 
Itecausc of the limitation in pulmonary function .so produced, ilaximum pul¬ 
monary function should be preserved bccniLse of danger of a contralateral 
I)ncumothorax or other acute disease. The presence of the defbiito inelastic, 
fibroplastic, \’isccropleural membrane covering the lung is reported here for 
the first time in the.se cases, and the surgical importance of this lesion has been 
.stressed. The tcclmique of decortication of this membrane combined tvitli 
pneumonolj-sia of the lung and rc-section of the ruiitnred pulmonary bulla in a 
series of 15 cases has been presented. The ideal procedure for the treatment 
of spontaneous pneumothorax is the one which will not only bring about oblitera¬ 
tion of the pneumothorax iiockct but also rriJl return the best function of the 
lung, AVo believe that the surgical ()rocedures outlined bera will fulfill this 
ideal. 
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(Slide.) Tliia was taken next day bat you can seo tiie extcnaivo eoiphyseiiia which wax 
present. Only one tube was placed after tho operation. That night it was necessary to 
introduce another tube in order to keep ahead of tho air escaping from tho pleural cavity. 
Tho next day ho was ‘^out of tho woo<l8’* and tho lung had begun to ro-expond. 

Five days later tho lung had completely ro*cxpnnded and the tubes had been removed. 
(Slide.) This was token a good many months later; he has continued to be welL I nm sure 
he may have the same thing happen on tho opposite side and he hgs been warned not to engage 
in too strenuous exercise. 

This last cose I think demonstrates tho great value of closed drainage, whether using 
a water trap or active suction, I believe in most cases of chronic pneumothorax, even if it 
is impossible to demonstrate a definite lesion, if the lung is freed from its encapsulating 
membrane, and if closed drainage la applied, that will be oil that is necessary, 

DR, JULIAN MOORE, Asheville.—I would like to coll attention to the danger of a 
hemorrhage in spontaneous pneumothorax. Ten years ago I saw ono such hemorrhage which 
was fatal The patient had a spontaneous pneumothorax; I saw 1dm about twenty-four 
hours later and the hemorrhage continued In spite of repeated aspirations of blood and auto- 
transfusions. Ho woa operated upon; ono of the branches of the pulmonary ortery in the 
upper lobe had been torn. Tho patient did not recover. 

I have since seen 2 patients with beniorrhago aasorialed with spontaneous pnenmothorax. 
One of those patients recovered but was loft \vith a flbrothorax because he was treated by 
late aspirations and was not submitted to surgery. Dr. Murphy and Dr. Elroy reported lost 
year 1 patient who was seen three months after hemorrhage, and in whom decortication was 
successfoUy carried out and a good result obtoined. About 60 cases have been reported in 
the litoratare in which spontaneous pneumothorax was associated with hemorrhage. If 
hemorrhage does occur, there is then the problem of controlling a serious hemorrhage as well 
as treating the pneomotborox. 

DR. JOHN ALEIXANDER, ^Uin Arbor.—I am discussing tins paper to stress Dr. 
Brewer's warning against tho indiscriminate injection into the pneumothorax space of glucose 
or blood or other irritating solution in an effort to seal tho bronchopleural fistula. I rcalixe 
that such solutions sometimes work well but, if they should fail to seal the fistula and if the 
lung should foil to expand, a thick membrane is likely to have been produced on both the 
visceral and parietal pleurae. This may permanently prevent the expansion of the lung and 
might prevent a subsequent successful decortication operation. 

In our eipericnco we have only infrequently found a pleural scar in patients having 
uncomplicated chronic spontaneous pneumothorax. I ircall several patients whose chests 
have been incised, and who had had no evidence of a pleural bear or membrane; during the 
months before operation was finally accepted os necessary, tliere had been no evidence of 
pleural fluid. At the time of operation one or several ruptured blebs were found; the only 
steps needed at operation were (1) local exchdon of that part of the cortex of the long that 
contained tho blebs and (2) a gentle stroking of the entire visceral and paroital pleurae with 
dry gauze to promote complete obliteration of tho pleural cavity after the lung hod expanded. 

After a wedge-shaped resection of a portion of the cortex, the sutures used to close the 
gap in the lung are under alight tension and might tear the lung if the pneumothorax air 
were rapidly evacuated by suction, I prefer to leave the lung i)artially coUapsed while firm 
healing of the sutured area is taking place; absorption or intermittent aspiration of the 
pneumothorax air gently and gradually expands tho lung. I am not sure, howovor, that this 
method is preferable to immediate expansion by snetion drainage. 

Dr. Blades has had great success from the local application of talc powder to areas in 
which bronchopleural fistulas are seen at tho time of a thoracotomy. 

DR. ARTHUR S, W. TOUROFF, New York.—I think that all of us ore agreed that if 
the lung is collapsed and bound doivn by a flbroUc membrane, surgical treatment, namely, 
decortication, is indicated- Howev'cr, I would like to say a word in defense of conservative 
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treatment of clironic pneumothorax of the usual variety. In that connection, I refer you 
to two articles by Dr. Herman Heiinell of our Medical Thoracic Group. One appeared in the 
Archives of Internal Medicine for April, 1939, and the other in the Journal of the Mount 
Sinai Hospital for September, 1946. 

Patients suffering from chronic pneumothorax naturally come to our medical men first 
Since the latter traditionally are more conservative than we of the surgical guild, they hare 
treated such cases almost routinely by' the use of pleural irritants. They employ a saturated 
glucose solution of approximately 67 per cent concentration; and, when the lung is approxi¬ 
mately three-quarters expanded, they introduce 10 to 15 c.c. of Lipiodol. They have treated 
26 such cases up to tlie present, and, thus far, have been so successful tliat we of the Surgical 
Group have not been called upon to render surgical treatment. Perliaps we will some time 
in the future but, up to the present, we have not. 

Of the 26 patients treated conservatively by our Medical Group, 23 have been cured 
with one course of injections. A course consists of four to six injections. Two of the 26 
were cured with two courses and follow-up study could not be done in one. In other words, 
of the 25 patients in whom follow-up has been done, all are well. 

Two patients with large air cysts of the lung were treated by the same method. The 
surgeons among us were shocked to see the medical men treat cysts of the lung in this way, 
but much to our amazement, the 2 patients recovered. 

(Slides.) With regard to the first case that Dr. Brewer showed, you may recall that 
after the patient had been treated by underwater drainage, the lung expanded well. I tliink 
that our medical men would treat such a case conservatively. (Slide.) This is the film of 
a patient who already has had 67 per cent glucose introduced into the pleura. You will note 
that the lower portion of the lung has re-ex'panded. There is a largo pneumothorax above. 
The heart is markedly displaced toward the right. (Slide.) Here is the' film of the same 
patient after the introduction of Lipiodol. I might add that when irritating substances are 
introduced into the pleura, the patient is instructed to lie on his side for approximately 
twenty-four hours with the well side down so that the solution may come in contact with the 
surface of the lung. (Slide.) Here is a film of the same patient subsequently, with the 
lung fully' expanded. Here you see globules of Lipiodol in the pleura, most of it lying be¬ 
hind the heart. (Slide.) 

Here is a final case in which you sec the lung completely collapsed. (Slide.) This is 
the last film demonstrating complete re-expansion of the lung and scattered droplets of 
Lipiodol in the pleura. 

DE. FRANCIS WOODS, Brookline, Mass.—I would like to. mention a small group of 
cases we have seen that falls, I think, into the same category. These patients have laid re¬ 
peated spontaneous pneumothorax, as much as six and sometimes eight times, and I tliink 
in these cases we have justifiably' done explorations on the chests and found a small cyst 
which was the source of the leak, ligated it or removed it by segmental resection. In one or 
two who had repeated spontaneous pneumothorax no leak was found. Therefore, I would 
like to caU attention to a group who do not have chronic spontaneous pneumothora-x, but 
recurrent pneumothorax that I think should be treated in the same group. 

DE. FELIX A. HUGHES, Jr., Memphis.—I think the plan of treatment presented 
by Dr. Brewer is rational and effective. The morbidity is much less in these patients if ou 
aggressive attitude is taken toward the spontaneous pneumothorax. I would Uke to mention 
that of 15 patients with an acute spontaneous pneumothorax, treated with immediate closed 
thoracotomy, 13 had immediate re-expansion; 2 failed to have expansion and open thoraco 
tomy was done with conservative resection of the bleb or cyst. I tliink the rupture or dis 
ruption of the lung or bleb may heal more rapidly and more permanently with the lung 
expanded than with it collapsed. 

I would also like to present one slide which shows the membrane Dr. Brewer spoke of, 
here you can see a chronic spontaneous pneumothorax with one of the blebs excised. You 
can see other blebs in place in the lung. 
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DR. SUELUON E, DOMM, Knoxville.—Dr. Brewer hoa mentioned tlie nirlty of nutopay 
confirmation, in tbeao coses. Wo would like to present a caj*e in wliicli tliero were unusual 
post-mortem findings, (yiides.) 

This is a 14-yoaT-old white boy, first seeii with wlmt appetired to be a aimplo acute 
spontunoous pneuinothomx on the right, which respondetl to conscirntive management, but 
recurred In. one month, Agnin the right lung re-t*xpaiitled and appeared nornml. However, 

two months later x-ruy examination showed ^hll(low8 suggosfivo of bullous emphj'seran in the 

right lower lobe. About ono month after this development the jwiticnt teas readmitted to 
the hospital in hia thinl episode of right-sided spoutanoous pneumothorax. Conservative 
measures, including an indwelling rannuln, failed to rcHcve the d^vspnea; subcutaneous and 
mediastinal emphysema ensued and were not relieved by f-upraclavicolnr and suprasternal 

Incisions. X-ray examinulion three days Inter, on the day of death, showed another spon¬ 

taneous pneumothorax to have ocrurre»l on the left. The patient died about six months after 
the first episode of spontaneous pncuniotliomx. Au(o[wy showed both lungg to be almost 
completely replaced by cyst formation with fibrusis, with emphysematous blebs studding tJie 
entire plcuml surfaces. TIio pancreas wnc uinmt on«^fourth normal sire and showed morkod 
alteration of the nornuil arcliitccture, notably a diflfuw? iuerx-ase in coaaectivo tissue. This 
picture, however, differed from the ui»ual findings in fibrocystic disease of the pancreas in 
tlint the pulmonary changes wore deiddely utypicnl 

This enf-e was particularly interesting to u^i liecause of its diagnostic and post-mortem 
features, and the question wlicfher surgical intervention would liavc been justified. 

DR. ALERED GOLDiLVN, Los .Vngcles.—I wisli to bring out two points which hnvo 
not been montioood, that were encoontcrod in oi>omting on 4 patients with chronic spon¬ 
taneous pneumolhom.x associated with large rji*tic dilations which one would probably classify 
ai giant bullae. The fin-t point is that on making the incision to open tlio chest the pa- 
tlent^s conditlou is usually not gool from the anesthetist’s p<jint of view. Tho anesthetist 
complains of homo dlfticulty wltlv the nnesthesia; since the cyst ^l^uaUy appears in the wound 
as wMDn ns tlie pleura U opeued one should Immediately puncture tlic cyst. Wlien tbU is done 
the oaisstliotist usually will Siiy that the patient’s condition is improving and anesthesia pro¬ 
ceeds moro smootlily. Tho second point I wish to roako is regarding the demonstration, in 
one of the«3 patients, of tho leak in the lung. Dr. Brevrer mentioned that one must uso 
Nilino wjlutlon; liovvovor, sometimes the jKjint of rupturo is not obvious and in one of tliose 
patients n two incli cyst was completely cnolohod witliin an apical adhesion so that all ono 
saw on opening the chest was the collopsod lung and adhesion. This was a largo vascular 
vellUke adhesion, and on re-expansion of the lung and making pressure with the bag by tho 
onesthotiet, ono could see the Iwlloonllko cyst btrurture infiating through the walls of the 
adhesion. On using snline solution and putting the patient in the Trendelenburg position, a 
^mall rupture was discovertsl at tho iMme of tlie adliesioo. Thus one should look for a cyst 
within an adhesion if adhesions are present nud no other obvious source for the air leak is 
discovered. 

DR. BRIAN B. BLADES, Waalilngfom—Dr, Alexander lias mentioned my interCbt in 
the procedure of poudrage, I want to lunko it clear that, in my opinion at least, poudrage 
has no place in treatment of chronic jmeuuiothomx. It is uaoful, however, for the patient 
who has frequent bouts of spontaneous pneumothorax of nontuberculous origin, and in whom 
at operation many small blebs are found over the surfaces of the lung. In some cases there 
aiay bo dozens of blebs, all of wliicli are the potential source of an nlr leak. I feel very 
strongly that if the soriouBness of pneumothorax justifies operation, it jm-tlfies open opera¬ 
tion, enabling direct inspection of the lung. In many cases a ainglo, two, or perhaps three 
blebs are seen which be excised. The use of poudrage is rather limited] and only applicable 
to thoee coses in which tliere are nuiny small blobs. 

DR. BREWER.—I wish to thank all tlie lUscussaata for tho great interest tliat they 
have shown in this discussion. I think Dr. Touroff has domonstratod very well the effect of 
pleural irritants. Certainly, tlie second case that bo presented allowed considerable pleural 
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tliickening. I think the use of irritants may be justified very early in the course of the 
disease, when the lung is mobile. Then, only, the injection of mild irritants might be tried. 
All who have been through the poudrage technique, with iodized talc, developed by Norman 
Bethune, as a preliminary procedure to lobectomy, know that the violent pleuritis frequently 
seen was serious; the patient often had more reaction to the poudrage than to the lobectomy 
that followed. This procedure, as you know, is not commonly used any more. Of course, 
if there are bilaterally destroyed lungs, no treatment mil avail. However, the local resection 
(and by local resection we mean only the bleb that is responsible for the pneumothorax or a 
large thin bleb that is adjacent) will result in closing of the pleural aperture with minimal 
loss of pulmonnry tissue. Certainly, we have reached the stage in the management of thoracic 
diseases where we must think of preserving pulmonary function and not merely the paUiativc 
sealing off of the pleural aperture. 

We admit that in many instances the production of a violent pleuritis will seal over the 
pleural opening. However, it may take as long as one year for this sealing off to take place. 
This result is effected at the expense of pulmonary function. 
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SEGMENTAL RESECTION IN PULMONARY DISEASES 

J. il.VXW'ELL CuAJinERLAlN, jSI.D.,* ,IND (DY INVITATION) 

CoiniANDEn Tiiojias C. Ryan, United States Nai^yI 
New York, N. Y. 

INTHODDCTION 

S EGMENTAL resection of the lung is an operation designed to rid the patient 
of the major diseased components with the minimum sacrifice of normal 
functioning parenchyma. This result is acliieved if (1) the proper segment or 
segments are removed; (2) the residual circulation is not impaired; and (3) 
re-expansion is complete and immediate. 


RElIOV.tL OF Tire DISEASro SEQUENT 


The wrong segment was removed in two instances in this series as demon¬ 
strated by postoperative bronchograms. Other mistakes may have been made 
in the few nontuberculous patients who did not respond to the request for follow¬ 
up bronehographio studies. The known crrois, however, occurred early in our 
experience and if the present clinical evidence is reliable the number of other 
errors ore few. 

Basic anatomic knowledge of the bronchopnlmonarj- segments is essential 
to a successful result, but often disease so distorts the normal anatomy that the 
surgeon is provided a new surgical experience at each resection. These altera¬ 
tions by disease in addition to the largo nimiber of (anticipated) anatomic varia¬ 
tions have taught us the necessity for a standardized operative approach. 

The first objective has been the identification and isolation of the bronchus 
serving the diseased segment. In many instances it is possible to divide the 
proper bronchus before ligation of any pulmonary vessel. In exposing the 
bronchus and its main divisions it may be necessary to define several branches 
of the pulmonary artery to a lobe before the proper bronchus may be selected. 

The second objective is ligation of the arterial supply to the segment. It is 
often technically much easier to divide the artery before the bronchus, but the 
inconsistency of the vascular pattern in comparison with that of the bronchial 
tree has influenced the order of our approach. Once the bronchus is divided and 
gentle traction is put upon it, the proper segmental arteiy quickly joins it. Only 
then is it safe to ligate and divide it. 

The final objective in the removal of the bronchopulmonary segment is 
ligation of the pulmonary veins. Suffice it to say, at this time, that it is a good 
general rule to ligate as few veins ns possible at the hilar level. 


Tho opinions or asMrtlon* oiprossed In this paper are private ones of the authors Md 
•re not to be construed to bo onlclal or renectlnj the views of the Navy Department or the 
ScrvlcG at 

_ ROAd at the Twenty-ninth Annual Meotinir of The American Ajwoclation for Thoracic 
Hurfftry at New Orlean*. La., March 28-Jl, 1949. 


•Thoracic Surjeon. Fade Medical Group, Now Tork. N. T. 

tChlef, Cheat Surylcal Service, St Albans Naval Hospital, St Alban*. N. Y. 
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RESIDU.IL CIRCULATION 

The veins are intersegmeutal and receive tributaries from two adjacent 
segments. Ligation of the vein at the hilum may cause, thereby, a passive con¬ 
gestion of the segments to be left behind. Swan’^ has recently reported the 
pathologic changes associated unth ligation of the pulmonary veins. These 
changes are mainly those of passive congestion, and if after segmental resection 
postoperative hemoptysis or streaking occurs beyond the first few days, it is 
suggestive evidence that venous obstruction is present in the residual circulation. 

The proper segmental plane for dissection is disclosed as soon as gentle 
traction is applied upon the divided segmental bronchus and arteiy. It is in 
this plane that the small venous tributaries empty into the main intei’segmental 
vein. As the dissection progresses the larger tributaries may be clamped, but 
the smaller ones are usuallj’- tom across unseen at their junction with the inter- 
segmental vein. A small amount of bleeding occuis, as a result, but this soon 
stops, and the intersegmental vein is easily’' visible on the raw surface of the 
residual segments. Preservation of this vein is an important refinement in the 
technique of segmental resection. Tliis procedure, as outlined, is a true seg¬ 
mental resection. 


RE-EXPANSION 


Complete and immediate re-expansion of the lobe and segments is essential 
to a successful result because (1) infection may be prevented if the dead space 
is obliterated and (2) maxunum function of the residual parenchyma is obtained. 

Obliteration of all dead space is a basic principle in surgery if uifection is 
to be avoided. It is an accepted fact that the pleural cavity is always con¬ 
taminated in the resection of the lung, a lobe, or any of its segments, but it is 
also I’ccognized that the pleura like the peritoneum is not entirely defenseless. 
Therefore, if one is careful to reduce the contamination to a minimum and is 
insistent upon complete and immediate re-expansion, an empyema is not likely 
to occur. This principle was true and effective before the use of chemotherapy, 
yet even with chemotherapy an empyema occasionally develops if this funda¬ 
mental principle is violated. 


Maximum respiratory f unction, of coui’se, is the main objective in establish¬ 
ing complete and immediate re-expansion, but if this end is to be realized, con¬ 
stant and controlled IntCapleural suction is considered essential. A few small 
fistulas usually are present after a segmental resection and In a sense the problem 
is similar to the one which occurs in a spontaneous pneumothorax. Its treatment, 
however, is quite different. The lung or segments should not be allowed to recoil 
until the fistulas have closed, because a serosanguineous effusion (simulating 
a hemothorax) accompanies the thoracotomy, and the lung may be trapped m 
the partially collapsed position. Continuous but controlled suction wliich can 
be adjusted to maintain the normal intrapleural pressure seems preferable an 
is, of course, more physiologic. Such suction removes air faster than it leaks 
through the fistulas and in this way a uonnal negative pressure is establishec 
in the pleural cavity. 
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Adjaeeul structures soon tuse with the raw area and seal tlie fistulas so 
tJiat re-expnnsion is'rapid and complete. For example, if the superior segment 
of the lower lolio has been pi'csci’ved, the diaphragm soon rises to seal the raw 
surface; if the apical posterior segmout of the left up2)cr lobe has been removed, 
the raw area of the anterior segment is soon fuseil in the vertebral gutter; and 
in a similar way, in each segment removed, the diaphragm, the adjacent lobe, 
the chest wall, or the mediastinum soon fuse with tlie raw area and all fistulas 
are closed. 

The actual contribution of the residual segment to total lung function is 
probably not gi'cut, but ns a '‘filler” it contributes greatly to respiratoty func¬ 
tion. For example, in thase eases in which the superior segment of the left 
lower lobe has been (ircserved, a Ini'ge pyramidal space is filled by the segment. 
Tho diaiihragm, as a result, not only I'otains its normal contour, but, more im¬ 
portant, rctaiiLs its pi.stonlike activity. On the other hand, if tlie entire lobe is 
removed the upper lobe must overdistend eon.sidernbly to fill this space, and the 
diaphragm becomes clevatml, fiat, and fixed in the vertebral gutter. For obvious 
reasons, diaphragmatic fi.xation and overdi.stcnlion of the lung are complicntious 
to lie avoided whenever possible. Therefore, the main contribution of the 
residual segment is its influenee upon the function of the diaphragm or tho 
other components of tho lung. 


TECllNKJI'E 

The segmental resection tecluiiiiuc which we hove used was hased upon the 
concepts of Churchill,’ Blades,' Clugctt,* and Ovcrholt." Wo began as did 
Churchill by identifying, isolating, and dividing tho caidinal stnictui'es (e.xcept 
the vein) at the hilar level. We aiiplied this teehniipie to individual segments ns 
suggested by Blades. We used Clagett’s ''tractiun-di.ssectiou’' technique, but 
without closing the raw area as advocated by Ovoiholt. 

However, early' in our experience we discovered the tuireliablc nature of 
tho venous pattoni and errors wore made by ligation of the w'rong veins. This 
led to a state of insecurity on our part, the solution to which was procrastination. 
We decided to put off tho ligation of any vein ns long as possible. Therefore, 
after selecting the proper bronchus and nrtci'y, the iutersegmeutal plane was 
entered and tlie dissection continued until no further progress could be made 
without ligation of a vein. Once the segment was removed, however, there eoidd 
ho seen a large vein on the raw surface of the adjacent segment which bled at 
many points along its course. Only then did we understand the teachings of 
Boyden and Scnuncll,’ that there were intci-scgmentnl veins wliich received blood 
from two adjacent segments. Fhmllj', we realized that during the dmeetion we 
were tearing across venous tributaries which wore enronte to join the main 
intcrsogmental vein. Overholt referred to them as “vessels” which were often 
indistinguishable from tho smaller hroncliioles and he recommended sovci-ing 
them. If bleeding occurred they weic ligated, if not, tlioy were traced as small 
bronchi to their termmation and removed witii tlie segment. TJiougli we iiave 
refined our tcelmiques and now' claiuj) and ligate the larger tributaries, w'e still 
find it difficult to avoid traumatizing the intcrsegmental vein in all cases. The 
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injury is often due to the fact that the inflammatory reaction, at one time, has 
extended across into the adjacent segment; the residuals of this process interfere 
with dissection along the intei-segmental plane. Obviously, therefore, attempts 
at segmental resection during an acute inflammatory phase are to be avoided. 
In this connection, however, if during dissection the intersegmental plane seems 
to be obliterated by the chronic inflammatory reaction it may be advisable to 
return to the parent bronchus and select an adjacent bronchus which also is 
included in the resection. The entire inflammatory process is circumvented in 
this way. Occasionally, a subsegment of the adjacent segment wll sufBee. In 
other words, a segment and subsegmental resection are done. 

Other techniques are indicated in some cases. For example, when the lesion 
is small the subsegment may be removed by local excision. A modification of this 
technique is the excision between clamps when the lesion is located along a 
fissure or the free edge of a lobe. Occasionally, it is preferable to begin the 
resection at the periphery. We have referred to this as the “outside-in” tech¬ 
nique. Cysts, atelectatic segments, or even chronic Irmg abscesses may be treated 
in this way. Our experience would lead us to conclude, however, that those 
methods which leave the raw area exposed and do not alter the contour of the 
residual lobes for the reasons we have pointed out are preferable to those which 
prevent the lung from “breathing” by approximation of the pleui'al surfaces. 


SUMiLVRY OP CLINICAL MATERIAL* 

The conclusions on segmental resection are based on the experience gamed 
in this series of 100 segmental resections. A total of 91 operations were per¬ 
formed on 85 patients in the last two yeais (Table I). This type of operation 
has been done on 37 patients with bronchiectasis, 30 Avith tuberculosis, 13. with 
lung abscess, 2 Avith cysts of the lung, and 1 case each of bronchiogenic carcinoma, 
bronchial adenoma, and coccidioraycosis. 


Table I. RfisuiiB oe the Statistics 



PATIENTS 

opera¬ 

tions 

SEGMENTS 

RESECTED 

COMPU- 

CATIONS 

deaths 

Bronchiectasis 

37 

43 

52 

19 

1 . 

Tuberculosis 

30 

30 

30 

10 

1 

Lung abscess 

Other diseases: 

13 

13 

13 

1 

1 

(1) Cysts 

2 

2 

2 

0 

0 

0 

0 

0 _ 

(2) Coccidiomycosis 

1 

1 

1 

0 

(3) Bronchial adenoma 

1 

1 

1 

0 

(4) Bronchiogenic carcinoma 

1 

1 

1 

0 

Total 

85 

91 



_3 


BRONCHIEGTASIS 


In the cases of bronchiectasis (Table II) there were a total of nineteen 
complications, but several of these complications occurred in the same patient 
so that the complications occurred in less than the 44 per cent Avhich seems to 


•The material for this paper came from the Chest Surgical Service of 
Aioans, Halloran, and Triboro Hospitals. In eight of the eases from the Service at aei 
In which this technique was used, the patients were not operated upon by me Aumora, 
permission for their Inclusion was granted by Dr. Berry, the Chief of the Thoracic servi 


at Bellevue. 




CU^UIBERL.\IN AND RYAN: SEOJIBNTAL PULSIONARY RESECTION 


203 


T.vble ir. Segmental Kescction i-or Bqoxcuiectasis 


BEUMENTS 

PAT7E.VTB _ Ot*ElL.\TIOSR _ REfiECTCT _ C?OAtPLrCATIOyfl 

37 43 52 19 

_ Complicationm ia the Bronchieotm U Conea 

Spread, contrulalcrol 1 

Bronchopleural fijjtula 

Empyema wlthont bronehoplourul Hbtula 1 

Incomplete or delayed re-oipannion 5 

Atelectasis ,1 

Rceurrent apontancoos pneumothorax 3 

_Pulmonary anilwlus I 


1 (ihitehy pneumonia) 
3 


bo indicated. Tho eomplicationa were not serious and added little to tlie dangers 
of tho operation in moat instances. Atclcctn.ai3 rcquiied bronchoscopy in only 
one instance, while tho other two patients responded rapidly to intratracheal 
aspirations with a catheter. Tlie incomplete or dcla.ved re-expansions required 
suction on intercostal tubes longer than the foity-eight to seventy-two hour 
period usually necessarj'. One patient rtaiuii-ed rc))eatcd aspirations over a 
period of several months. The cases of spontaneous (recurrent) pneumothorax 
required clo-scd tlioracotomy drainage by an intercostal tube connected to suction 
for only the forty-eight to seventy-two hour period. The three patients witli 
bronchopleural fistula who developed localised empyema required intercostal tube 
drainage for a period of several weeks. The one case of empyema without bron¬ 
chopleural fistula probably was due to breaking into a localized abscess surround¬ 
ing a piece of shrapnel in the lung which was believed to he tlie cause of the 
bronchiectasis and was removed at the operation. The one mortality in this 
group was probably due to pulmonary embolus. 


TUBERCULOSIS 

In the thirty cases where segmental i-csection ivas done for tuberculosis 
(Table III), tho early postoperative complications wore not ns severe nor as 
numerous as would he anticipated. There were three of these cases in which 
a lobectomy was performed on tho same side at tho same operation and one case 
in which segments were removed from two lobes at tho same operation, so tho 
complications must bo considered in light of these compound procedures. 


Table ni. SrauKSTAi. Resection roa Ttjbeecolobib 


SEOUENT8 

PATIENTS _ OPEBATIONB _ EESECTEP _ roMPLICATIONB 

30 30 30_10_ 

Cjiniiiiiealiong in file Tubenniionlj Cagea 
HprcaOs, contralateral (or reactivation) 1 

Sproadj, homolnternl (or reactivation) - 

Bronciioplcural flatula ^ 

Bmpyenm mtliont bronchopleural a»tula t 

Incomplete or delayed ro-expamnon - 

Atelectaala , 

Recurrent Bpontaneoua pneumottiorax ■ t 

Coronsry occlusion ^ 
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The spread of the tuberculous infection is a danger in anj^ operatioa for 
tuberculosis, yet we have noted only one ease of contralateral spread and this 
was an increased activity of a previously noted disease probably because of a 
bronchopleural fistula, and the area of reactivation improved when re-expansion 
was obtained by re-establishing suction tlirough an intercostal tube. The in¬ 
complete or delayed re-expansion of the remaining segments of the hmg we 
believe is due to fibrosis from the healed processes in the remaining lung and 
is an indication for a relaxing type of thoracoplasty. The one death thought 
to he due to eoronaiy insufficiency is probably a mortality of surgery in general 
rather than to the type of procedure performed. 

The final evaluation of these cases of segmental resection for tubrculosis 
will require many years. All that can be said at this time is that the results 
thus far are such that we expect to continue using the procedure in carefully 
selected cases. 

LUNG ABSCESS 

Segmental resection for limg abscess (Table IV) is done only in the chronic 
forms of the disease or sul)sequent to drainage. However, resection was done 
in one case of acute putrid lung abscess. Puhnonaiy gangrene of the iTsidual 
lobe occurred followed by a severe liemoptysis and death. At the present time, 
we believe that segmental resection should not be performed in cases of acute 
prrtrid lung abscess. The remaining twelve cases with chronic lung abscess 
were ndthout complications. There were two eases in wliieli resection was done 
with the tube still in place follorving dramage. 


T.iBLE ly. SEO-MEXTAL RESECTION FOR LUNO ABSCESS 


patients 

operations 

SEGMENTS 

resecteu) complications 


deaths 

13 

13 

13 1 


1 


Complications 

in the Lung Abscess Cases 


. 


Pulmonary gangrene 


1 



Bronchopleural fistula 


0 



Empyema 


0 

— 


In a summary of the statistics there were 85 patients reported who had a 
total of 100 segnrerrtal resections requiring 91 operations with 30 complications 
reported, most of which could he considered minor. There were 3 deaths, or a 
mortality of 3.3 per cent, but only 1 of these deatlrs should be attributed to tire 
type of operation performed. 


DISCUSSION 

Identification and division of the bronchus is mainly done to control secre¬ 
tions. By persistent effort and exiierience it is possible to become more and 
more adapt at this maneuver. Certainly the effort should be made in each case, 
and if ligation of a branch of the pulraonaiy arteiy facilitates early isolation 
of the bronchus, it should be done—-especially in patients with tuberculosis. 
Identification of the bronchus is a matter of meticulous dissection. Prior to t e 
operation, of course, roentgenograms, bronehograms, bronchoscopy, and laminag 
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rnphy allow tlic surgeon a preview of the tusk nt hand. Since bronchogranis 
arc imdcsirablo studies in patients Avilh tuberculosis we Jiave followed Klnp- 
stock’s recommendation of using not only the posteronnlerior, but lateral lani- 
inugraphic studies ns well. The mformntion gained ])y lamiuagraphy is actually 
more reliable than the surgeons' palpnlioii. On occasion, at the operation we 
have changed some of our preoperative decisions and performed a lobectomy 
rather than a segmental resection. When this has occurred, postoperative ex¬ 
amination of the surgical specimen more frequently coincides with the lain- 
inagraphic studies than with the sui^geons’ impression from palpation. 

Tlio residual circHlalio)i is significant in relation to tlie definition of seg¬ 
mental resection. Segmental reseetiou, as generally used, is a term with an 
ambiguous meaning. In tlio ])ast, and in this scries, segmental lesection has 
included the removal of tlio lingula, tJic suiicrior segment of the lower lobe, and 
all the various sogmeuts of the other lohes. Nelson, Churchill, and Blades 
pointed out some time ago lliat the lingula and superior segment wera essen¬ 
tially individual lobes and were occafiionally separated fiom the other lobes by 
partial or nearly complete fissures. Blades more exactly resciwed tlie term .seg¬ 
mental 1 ‘csoction for the mnoval of parts of a lobe. In princijile, tJio technical 
removal of the liiigida is quite different from removing one of its segments. For 
example, wlien the lingula is to be removed the cardinal structures including the 
vein are ligated nt the liilum. On the contrary-, if one of the segments of the 
lingula is to l>c removed the vein Is not ligated at the liilum, because its main 
trilmtary is the interscgmeutal vein which raceives blood from Ixitli segments. 
The latter procc<luro is more exactly called a segmental resection. 

Ohliteration of the pleunil dead space by complete and immediate re-expan¬ 
sion is the most important single factor in the postoperative management. In 
those eases where good re-expansion was obtained the eonqdientions wore few. 
Tlio problems of rc-cxpaiision, assuming the bronchi arc patent, depend upon, 
mainly: (1) tlio degree of pre-oxi.sting emphysema, (2) the dui’ation of the dis¬ 
ease, and (3) tho amount of pnienchyenm to be removed. 

Pre-existing emphysema, legardloss of the etiological factor, is undesirable 
hecauso such lungs are inelastic and ali'cady may 1)C occupying a space closely 
approacliing its maximum distcusibilitj'. Segmental resection rather than a 
lobectomy is particularly usofid iu these patients because tlio demand on the 
already enlarged lobes to fill a still larger space is, by compaiison, a minor one. 

The duration of tho disease is significant in that the time factor influences 
greatly tlio compensatory factors at work. As tho disease heals and contracts, 
the other segments often cnlai^e, cspccian 3 ' if the disease occurrad early in tho 
patient's life. Removal, therefore, of the diseased segments imposes a minor 
demand upon tho residual segments in obliterating the ijlcuiul dead space. Tho 
best results with tho fewest complications may bo anticipated in patients whose 
disease has been in existence since childhood. 

The amouaf of lung ramoved greatly influences morbidity flgui'cs. If an 
upper loI)e and superior segment of tho lower lobe are removed, the demand 
upon tho liasilar segments to ovcvdisteiid and fill the Iiemithorax is a major one. 
Add to this tlio hjqiotlietical existence of extensive emphysema occurring late 
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in adult life when the compensatory factors are less effective and a most hazard¬ 
ous situation is created for the development of postoperative complications. In 
such cases it is often better to perform a thoracoplasty first, which tailors the 
thorax to fit residual segments. 

The immediate morbidity rate of segmental resection is slightly greater 
than that of lobectomy. The operation takes longer to perform, demands a 
more meticulous dissection, and requires greater postoperative vigilance. But 
the late morbidity figures may prove to justify it because not only is the disease 
removed, but maximum puhnonaiy function is preserved. 

CONCLUSIONS 

1. The teim segmental resection exactly used applies only to the removal 
of the bronehovaseular components which combine to form a lobe. 

2. The lingula and superior segment of the lower lobes are essentially in¬ 
dividual lobes whose “primitive” fissure is usually undeveloped. The hngida 
is composed of two segments and the superior segment of the lower lobe is com¬ 
posed of three. 

3. Preseiwation of the intei'segmental vein in perfonning a segmental 
resection is a worthy refinement in technique. 

4. Morbidity factois are reduced to the minimum by obliteration of the 
dead space through the complete and immediate re-expansion of the lung. 

5. Continuous but controlled intrapleural suction lends the greatest assur- 
, anee to the maintenance of normal physiologic re-expansion. 

REFERENCES 

1. Blades, Brian; Conservation of Lung Tissue by Partial Lobectomy, Ann. Surg. 118: 

353-365, 1943. 

2. Boyden, E. A., and Scannell, J. G.; An Analysis of A'^ariations in the Bronehovaseular 

Pattern of the Eight Upper Lobe of Fifty Lungs, Am. J. Anat. 82: 27-74, 1948. 

3. Churchill, E. D., and Belsey, E.: Segmental Pneumonectomy in Bronchiectasis, Ann. Surg. 

109; 481, 1939. 

4. Clagett, O. T., and Deterling, E. A., Jr.: Technique for Segmental Pulmonary Besection 

With Particular Eeference to Lingulectomy, J. Thoracic Surg. 15: 227-238, 1946. 

5. Nelson, H. P.: Postural Drainage of Lungs, Brit. M. J. 2: 251, 1934. 

6. Overholt, E. H., and Langer, L.: New Technique for Pulmonary Segmental Eesection; 

Its Application in Treatment of Bronchiectasis, Surg., Gynec. & Obst. 84; 257-268, 
1947. 

7. Swan, H., and Mulligan, E. M.: Experimental Study of Effect of Ligation of Pulmonary 

Veins in Dog, J. Thoracic Surg. 17: 44-56, 1948. 

(See discussion on page SSO.) 



SEGJLENTAL PULlIOiVARY BESECTION 
Det.ul3 op Technkjuk .vnd Results 

Rich.uid H. Overholt, Pr.\ncis ir. Woods, and 

(DY invitation) Beatty II. Rahs.vy, JI.D.f 
Boston, JIass. 

S INCE segmental resection of tlic lung was eonceived by ChurcliiU and Belsey,’ 
this operative procctlure lias undergone neglect in childliood, enthusiasm 
and doubt in adolescence; it is now ready for acceptance of its maturity. 

Tho development of segmental pulmonaiy resection is the result of the con¬ 
tributions of a succession of individuals. One of the first was the report of 
Nelson^ who described each lung as having four basic parts, each of which was 
a separate anatomic unit. Later Alfred Goldman’ drew attention to the fact 
that a lung macerated in weakly corrosive solution tended to separate uito seg¬ 
ments. Churchill and Beisey applied the increasing anatomic knowledge to 
pulmonarj’ resection and proposed and carried out segmental resections. Later 
contrlbution-s were made by Kent and Blades' and Blades." Clagett" reported 
a technique of lingulcctomy wherein tho iutcrscgmental resection was commenced 
in the hiluni and clamps were not used. He oversewed the pleural margins with 
interrupted sutures. Overholt and his associates'''' developed a technique of 
segmental rescetion and applied it to all segments and some subsegments. This 
technique was featured by blunt dissection of tlie interscgmental plane com¬ 
mencing in the hilum, avoidance of the use of clamps, and leaving the exposed 
intersegmental surface free to expand. Boyden" emphasized the interscgmental 
arrangement of tho veins and uiauy surgeons were aware of their presence in 
tho iutersegmoutal plane at tho time of segmental resection. Betts'" pointed out 
this arrangement to Ramsay." Tho latter, following laboratory dissections, 
recommended that these veuis bo located in tho hilum of the segment to bo 
removed and followed ns a guide to tho interscgmental plane. 

In its early development the procedure was largely but not entirely limited 
to lingulectomy by the clamp method. Abandonment of the clamp method and 
tho persistent application of the individual ligation principle to all pulmonarj' 
segments by Overholt and his co-workers''" featured the adolescent period. The 
discouragements at that time were principally the liigh incidence of complica¬ 
tions; empyema occurred in IS per cent' and bronchopleural fistula in 6 per 
cent.' These wore tho results of difficulties in the dissection of tho interscgmental 
plane. They have been largely overcome by utilizing the iutersogmental veuis 
as guides to tho plane follorving the suggestions of Ramsay." With continued 
experieuco both broncliopleural fistula and empyema are uncommon and 
unexpected. 

Re^ at the Twenty-ninth Annual Meeting of Tho jVmerlcan AMocIatlon for Thoracic 
Surgery, New Orleans, La., May 29-Jl, 1949. 

•Prom the Department of Surgery. Tuft* College Medical SchooL Member of Staff New 
England Deaconess and Pratt Diagnostic Hospitals. 

tFormerly Fellow In Thoracic Surgery, Tufts Collego Medical School. 
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The purpose of this presentation is to record the details of operative tech¬ 
nique as used today and the immediate postoperative results as found in the 
last twenty-eight consecutive segmental resections. 

The steps of segmental pulmonary resection are essentially four in number. 
(1) The segmental arteiy is dissected out, ligated, and divided. (2) The seg¬ 
mental bronchus is cleared, ligated distally, divided, and the proximal stump 
closed. (3) The segmental vein, when present, is ligated and divided. (4) The 
segment to be removed is then separated from the lobe by locating the intei'seg- 
mental vein in the hilum of the segment, and following this as a guide to the 
intersegmental plane. The first three steps arc carried out in the order whieh 
is most convenient. The bronchus is located by palpation, the arteiy being 
adjacent. Care is taken to determine that they enter tlie segment to be removed. 
If subpleural veins, draining the diseased segment, are encountered, they are 
ligated and divided. Such veins are constantly found beneath the pleura of the 
lingula, the anterior segments of the upper lolies, and tlie middle lobe. 

The arrangement of pulmonary veins can best be illustrated by considering 
the structure of the pulmonary unit or segment (Fig. 1). This we conceive is 
conical, covered by pleura, and contains an axially situated bronchus and artery. 
Tho principal veins lie on the surface and converge on the apex or hilum. Thera 
may be a small vein accompanying the artery and bronchus. 'When tw'o or more 
of these units combine to form compound units or larger segments (Fig- 2) the 
surfaces in contact lose their pleural covering, and the subjacent veins become 
intersegmental in position. Elsewdiere they remain as subpleural veins. , Just 
as the bronchus and arteiy to a unit or segment are called segmental, so too is 
the vein which accompanies them. Thus, we have twm types of veins: one central, 
accompanying the artery and bronchus and the segmental vein, and one periph¬ 
eral ; such a vem is eitlier subpleural or intei'segmental. 

Finding the intersegmented yeia.—The intersegmental vein is ahvays to be 
found at the hilum of the segment in question and should be identified there 
rather than in the interaegmental plane. Distally there is danger that branching 
ma 3 ' have occurred and a branch follow-ed between subsidiary segments. Just 
a thin covering of areolar tissue often keeps the intersegmental vein from view. 
Gentle dissection, either with scissors or a gauze pledget will readily expose it. 
Too much tension on the segment being removed wall attenuate the vein, render 
it bloodless and wdiite, and disguise it from recognition. The interaegmental 
vein usually bears the same anatomic relationship to the segmental arteiy and 
bronchus as does the principal lobar vein to the lobar arteiy and bronchus. 
Thus, in the upper lobe the intersegmental veins are generally anterior to the 
segmental arteries and bronchi, in the middle lobe anterior and inferior, and 
in the lower lobe posterior. Occasionallj'- the interaegmental vein will receive 
the segmental vein as a tributary. A vein (Fig. 3), exiiosed in the hilum, may 
be a subpleural vein, a segmental vein, or an interaegmental vein leading between 
other segments than the ones to be separated. A subpleural vein can be seen 
to lie subpleurallj^ on the surface of the lung. A segmental vem, when foUow’ed 
for a short distance distally, can be seen to accompany a bronchus. An inter¬ 
segmental vein does not accompany an aideiy or bronchus. If it is the one 
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leading to tho iutoi'segmenfal giloiic to bo dissected, it can be seen to run towai’d 
tiio junction between tlie diseased and the nofinal segments. This junetion can 
be estimated frani the configuration of the lung but is best demarcated by differ¬ 
ential o-tpansion of tlie disca.scd and healthy segments. Where the segment 
being lemoved adjoins mote than one other segment, thei-c usually will lie a 
separate intersegmental vein for each separate surface (Fig. 4). Thus tlie 
posterior segment of the riglit upper lobe has an intersegmental vein and surface 
between it and the anterior segment and also between it and the apical segment. 
These two intersegmental surfaces form a V-shaped trough into which tho po.s- 
terior segment fits (Fig. 4). 




Elr. 1.—Our conception of tho stnictutal orrunBoment of the pulmonnri' unit Noto tho 
wntroj bronchus, arter>*, anti mignientnl vein anti tho porlrhoral nibpioural \om. 

Flff. 2.—When such unites aro cuinblmtl to fonn compound unita or of Uie 

■ubploural velnj become IntorMfrmcnt/iI. Tho aur^cal 

Into two (juorter BOgments und a Imlf aetmient correaiKmUInc to bronchial branching, inioraeff- 
mental vein* demarcate tho planes of separation. 

Flff. bV dlasoctlon of the hllum of Uia lingula: a wbplo^l vein is noteil on 
•urfoce, a soimiental vein uccouiuanlea ii b^onchu^^ and ^ Interseffnientnl vein j« «ho\\n ^ 
tween the lUiffula and tlie romalnd^ of tho upper lobe. Note that an Interseijinontai vein docd 
hot accompany an arterj' or bronchus. 

' fib. I.—ScsnienUl rCMcUon of the posterior MBinent of the right jj. “jFh*! 

completed. Note the two Interaeffinental velnii rentalnlnff on the frethlj dissected surfaces of the 
anterior and apical segments. 
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After occlusion of the bronchus to the diseased portion, positive pressure 
is used to inflate the remaining lung, and then the contrast between the distended 
and collapsed parts outlines the approximate intersegmental plane. Frequently 
it is found that the diseased segment \vill fill with air although its bronchus has 
been occluded; in this situation deflation of the lung often will result in trapping 
of air within the diseased portion and provide the contrast in reverse. 

Separating the Surfa<;es .—In carrying out the separation of the diseased 
tissue, exposure and gentleness are paramount. Exposure is best obtained by 
irrigating the surface free from blood and by keeping it flattened out. If the 
edges are allowed to roU inward, an accurate dissection is almost impossible. 
The margins of the segment can be gently retracted by divergent pressure at 
two opposite points (Pig- 5). Inflation of the lung "will flatten out the inter¬ 
vening surface. Once the plane of dissection has been partially developed, coun¬ 
terpressure from the pleural surface at the level of dissection is of distinct aid 
in supporting the tissues during the process of separation (Pig. 6). The dis¬ 
secting motion should be a side-to-side sweep between the intersegmental vein 
and its branches on tho healthy side and the diseased tissue on the other (Pig. 7). 
The surfaces separate easily unless there is considerable fibrosis. The pressure 
is directed parallel to the plane rather than at right angles to it and may he 
accomplished with the rounded end of small curved scissors or the finger tip. 
Small venous tributaries, arising in the diseased segment, and any fibrous strands 
are cut as encountered (Pig. 7). It has been determined by one of us (B. H. E.) 
that in the normal fresh autopsy lung it is a simple and speedy matter to insert 
two index fingera along the central axis of the intersegmental vein, to move these 
fingers divergently, and to separate cleanly the two adjacent segments (Pig- 8). 
This maneuver is successful also in clinical cases where the tissues of the inter- 
segnrental plane are normal. If any resistance is felt it is important to visualize 
and diride the cause which wll be a fibrous band or a venous branch. Otherwise 
the finger may be deviated into the normal segment with resultant air leak. 
This was the reason for the single grade 2 fistula which developed in the present 
series. If there is considerable fibrosis in the intersegmental plane sharp dis¬ 
section is necessaiy, all fibrous bands being precisely’^ divided. 

Sources of Error .—At the apex of the segmental cone the borders of the 
interaegmental plane are close together and the pleura here tends to resist the 
opening up of the plane. There is a temptation to start the dissection by incising 
the pleura and underlying parenchyma on each side. Division of the pleura 
alone may be of distinct help. Cutting the parenchyma is dangerous smee 
bordering segments may be distoi’ted by traction or by compensatory change, 
or may normally extend unexpectedly far do-wn upon the side of the segment 
being removed. This is the case Avith the superior segment of the lower lobe 
which fits like a hood on the basal group with its posterior portion extending 
inferioiiy over the basal segments. 

Damage to the lung surface is usually the result of “digging in’’ with the 
dissecting instrument or pulling on venous branches (Fig. 9). “Digging m 
is the consequence of directing pressure against the normal segmental surface 
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. —Dlaiectlon of the IntenegmenUU plane Is facilitated by flattening tho plane out 

Dy dlvonjent retraction of the edges and Inflation of the lung. 

Fig. C. —As the plane Is developed, countorpressure from the pleural surface olds dlseec- 

Flg. 7.—This niuitrates the slde^to^slde dissecting motion and division of a venous brsnoh. 
, ^ tissues of the Intersegniental plane are normal, segments can bo separated 

Cleanly by divergent motion of the fingers inserted along the inlersegmontal vein. 

_ Fig. I.— Alveolar damage and air Iwik are Illustrated. An Incorrect t>T>e of counter- 

Pressxmj Is shown. Note the flat sido of tho hand In Pig. 6. 

. F1& 10.—Undue traction on venous trlbatsrlee may be transmitted to the normal s«g- 
nient with resultant parenchjmal tears. 
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and is more likely to occur if the finger tips are used for counterpressure. The 
areas of lessened resistance between the points of finger pressure allow the dis¬ 
sector to furrow the nomal tissue. Counterpressure should always be produced 
by a flat surface (Fig. 6). Traction or pulling on the venous branches is trans¬ 
mitted to the tributaries entering from the normal segment; these are anchored 
in alveolar tissue which is torn and air leak results (Pig. 10). It is advisable 
to cut the small venous branches as they are exposed. Only tlie larger veins 
Avill require ligation. 

The intersegmental vein between the superior segment and the liasal group 
of segments of a lower lobe corresponds to ramus V^h of Boyden.^- It has two 
principal branches, one anterior and one posterior. Dissection along the pos¬ 
terior branch should not be done on its posterior aspect since this may cause 
damage to the overlapping portion of the snperior segment. Its bronchus of 
supply, the posterior ramus of the superior segmental bronchus (ramus B‘c of 
Boyden), maybe exposed (Fig. 11). 

As the pleural surface is approached, there is again a temptation to cut 
through the remaining tissue. It is better to follow the veins to the pleura where 
they will be seen to arch over the surfaces of both segments (Pig. 12). Occa¬ 
sionally, if too much traction is used on the diseased segment, these veins may 
be stretched to a thin whiteness w'hich mqkes them difficult to recognize. 
Relaxation of the traction will overcome this difficulty. 

We know of no instance where a remaining portion of a lobe has undergone 
torsion following segmental resection. However, because of the theoretical possi¬ 
bility of such occurrence any adhesions or partial fusions of fissure lines between 
residual segments of one lobe and adjacent lung are left undisturbed (Fig. 13)- 
Care is also taken at the time of closure of the chest that after the lung is in- 
flated the relative position of the remaining lung is a noiunal one. As long as 
inflation is maintained throughout the convalescence no torsion should occur. 

If the dissection is prolonged and continuous positive pressure is maintained, 
there may be a marked fall in blood pressure. In protracted dissections it is 
rvise to interrupt the operation while the positive pressure is released. 

Final Details .—^While several dissections have been completed wthout a 
single air leak from the bare surface, there are usually one or two places which 
bubble slightly. If these are small and alveolar in origin they can be left safely 
to seal over in the first twenty-four hours. If the leak is more vigorous or if h 
is seen to be coming from an exposed bronchus, spontaneous closure eaimot be 
depended upon. Attempts to suture these usually increase the amount of dam¬ 
age. Adequate control can be obtained by grasping the margins of the defect, 
with or without the adjacent parenchyuna, betAveen the teeth of fine forceps an 
by ligating the tissue so approximated (Pig. 14). AU bleeding and significant 
air leaks having been controlled, nothing further is done to the surface. 

To aid in re-expansion of the remaining lung all pleural attachments aie 
separated. If the lower lobe or basal segments remain, the pulmonary ligament 
is divided. This permits the remaining lung immediately to rise higher within 
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tho tliorax, come in apiwsition w-itli the pleural dome, and pi-event apical ac¬ 
cumulation of air or Huid. If full re-oxiiunsion of remaining segments is re¬ 
strained by a pleural mendirane, decortication should be practiced. 

Prior to closure of the ivound two entheters are placed intrapleuially. One 
is placed in tho apex for the removal of air and brought out through the anterior 
portion of tho incLsion. Tho other is placed just above the diaphragm for the 


Superior^egment 

posterior pamus^”^\ ^ 
ot Superior /vj-' 

brSnoVrus l ^ 


■Aitterfor Branch 
Posicrior " 


3 B^3AL 
J, S&<3MENT 



Pit 11.—The poterlor rarom of tho Mportor oeftmental bronchuo Um do« to the imer- 
•ccroental aurfaco between the euperlor and b«U aeffnienta of the lower lobe, It le eajUy 
mJureiL 

FIff. ij._The Interaemncntal vein* are followed clear to the pleura before the latter la 

divided. 
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-R. t; ry (A) to the 

Fiff 16 A.—Resection of the apical seenient of a la^Sso'^^se^eia , 

apical sfgment Is exposed. The branch to the Posterior «eEmen 1 jg exposed an 

Insert- The artery Is divided. The bronchus (B) to Uie apical set. 

Uie posterior segmental-bronchus Is also visible. miersecmental plan® 

Fig 16 B —The bronchus is divided and dissection of the Inte g 
complete.’ Note’the Intersegmental veins (V). 

Insert: Diagram showing left lung after resection of apical s gm 
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In fifteen cases the lung was completely rc-oxpanded and botli catheters 
were removed within the first twenty-four hours, in ten wthiu forty-eiglit hotirs, 
and in tho remaining two on the thiid and fifth days, respectively. This last 
patient hud an upper lobectomy with segmental ix'section of the superior dhusion 
of tho lower lobe for tuberoulo,sis. The residual lower lobe was not decorticated 
to prevent ovcrexijansion; thoracoplasty was to follow. One patient died xiost- 
opcrativcly. 

Tho average postoperative hospitalization was 14.0 days. The shortest 
period was ten days and the longest nineteen day.s- The discliurge date varied 
somewhat depending uiwn tlie distance to he traveled. Formerly the hospital 
stay averaged tlirco weeks. 



Flff. 17, A. —Re»ecUon of the po*terior •Cffment of a right upper lobe- An accessory 
arterj* to the poatcrlor seonent (A) l» expoaeU and tho bronchuj (U) to the upper lobe and 
ita three brtmehea are exposed. 

Insert: The bronchua anil ncceasoiy arter>' to the poiterlor aetnnent are divided- Tlie 
Poaterlor Begn>entol artery {O) la now oxpoMMl lying anterior to the divided bronchus- 

Table III lists tlio complications. There were no empj'cmas, two minor 
fistulas, and one death, Fi.stulas arc graded fii'st degree if the leak is so small 
that it is easil 3 ’' continlled by aspiration, second degree if it inquires tho re¬ 
insertion of an intrapleural catheter to obtain re-expansion, and tbii*d degree 
if it requires operative clasurc with or without decortication of the remaining 
lung tissue. The one second-degree fistula closed and the lung re-expanded 
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within twenty-four hours following reinsertion of an intrapleural catheter which 
was connected for suction. The one death occurred from pulmonary insufficiency 
aggravated by inability to raise the bronchial secretions. 


Table III 


COilPLIOATIONS 


Empyema * 

0 

Fistula 1 

2 

1st degree 1 


2ad degree 1 1 


3rd degree 0 


Death 

1 

Engorgement of superior segment 1 

2 

Total 1 

f) 


This 24-year-old girl had had the middle lobe, basal group, and antei’ior 
segment of the upper lobe removed from the right lung on March 23, 1948. 
On October 11 the basal group and lingula were removed from the left lung. 
Postopei-atively she was cyanotic in spite of re-expansion of the remainmg lung 
on the left and no evidence of air leak from the intersegmental surfaces. Four 



FIk, 17. B .—The posterior segmental artery has been divided. The iBtersegniental vein ^ 
obscured by areolar tissue. Note that the middle lobe and upper lobe are fused In this msi 
Insert- Dissection of the Intersegmental plane between the posterior segment and 
anlcnl segment is completed. Dissection of the plane between the posterior aesment 
^teHorf^ent Is just started. Note the Intersegmental veins (V) remaining on the Inter 
seitmental surfaces. 
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hours postoperatively she hud sudden dilheulty in breathiui}. Although tracheal 
aspiration was successful in rolieving her, slic almost immedialoly had a second 
attack and succumbed before aspiration could be carried out. Autopsy revealed 
broncliieetasis iu all but one of the remainiug jmlmouarj- segments and less 
than !/(> c.c. of thin secretion in the left bronchial tree. The superior segment 
of the lower lobe was engorged with blood. The intcrscgmental surfaces wore 
diy and no air leak could bo demonstrated. 

Tho engorgement of the remaining superior segment of the lower lobe fol¬ 
lowing segmental resection of the basal group is a complication never recog¬ 
nized by us previously. This was not neeoinpaiiied by necrosis. One other 
patient had a slight postoperative fever associated with an uicrcaso in density 
of the remaining superior segment ns demonstrated by roentgenogram. These 
signs spontaneously disappeared in twelve days. We believe that this may 
represent a second case of engorgement. It is considered likely that this com¬ 
plication is produced by obstniction of the venous drainage from the superior 
segment. Retraction of this vein or torsion of the lolic, piodueed by attempts 
to obtain exposure of the basal bronchi, may obstruct it for a varying period 



Rl*. 17, C.—Pojterlor »esnient I« completely removed, tatereeumcnlal velnj (V) ro- 
tn*Jnlnc on both the iiiter»€cmental lUrfBce*. 

Intm: DIoErmn ihowlnc rluht limir otter rceecUon of ooetorior ecemenL 
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of time (Fig. 15). Since the complication has been recognized we liave carried 
ont the mobilization of the basal bronchi from the anterior and inferior aspects 
as much as possible and have taken care not to obstruct the vein in question. 

The value of segmental resection was emphasized by the anomalous condi¬ 
tion found in a 10-year-old girl. She had bronchiectasis limited to the lingula 
and basal segments of the left lower lobe. At operation she was found to have 
a lung consisting of a single lobe without any trace of a fissure. It was not 
possible to expose the segmental arteries in the fissure as is customarjq but by 
divddiug the segmental lu'onchi and veins fii-st, the arteries were dissected free 
■without difficulty •, then the intersegmental veins were located and followed as 
guides to the two intersegmental planes. No air leak came from the bare sur¬ 
faces; the remaining lung re-expanded almost immediately and the intrapleural 
catheters were removed in less than twent 3 '’-four hours. She was discharged on 
the thirteenth postoperative day. 


SUMYIART 

The details of pulmonary segmental resection, with special attention to 
dissection of the intei'segnrental plane, have been described and illustrated. 
Emphasis is placed on using the intersegmental vein as a guide to the plane. 
There has been a marked reduction in complications. 
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DISCUSSION ON “segmental RESECTION IN PULMONARY DISEASES” BY 
DR. J. :MAX,tVELL CHAAIBERLAIN AND C05IMANDER THOMAS C. RYAN,* 

AND “segmental PULMONLYRY RESECTION” BY DR. RICHARD H. 
OVERHOLT, DR. FRANCIS M. WOODS, AND DR. BEATTY H. RAMSAY 

DE. PAUL C. SAMSON, Oakland, Calif.—Tliis is, of course, a very interesting es 
perience to which we have listened. Dr. Dugan and I would like to present briefly ov 

•See page 199 for article by Chamberlain and Ryan. 
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results duriDf' the last three years with approiiniatoly sovouty-five anatomic segmental 
resections, including biscgmentol removals. Several points I believe oro of importance; 
wo have not attempted to split the middle lobe sogmontally, believing that removal of the 
middle lobe in toto probably docs not sacrillco too much lung tissue even though one seg¬ 
ment is involved. AVe have had ocenaionnlly some dillieully in attempting to determine 
both preoperativcly and nt operation whether one or several basal segments were involved, 
and so in general we have performed a combined basal segmental resection. On several 
occasions we have removed tfubsogmonts which seemed to be worth while, and I would 
like to show two slides to illustrate this. (Slides.) 

These lateral lllras wore taken one year apart. In tlio interim resection on the left 
side was perfonumL The original broucliogrum showed middle lobe disease and a small 
amount of disease in the anterior ramus of the anterior segment of the upper lol>e. One 
year later there appears to bo some Improvement in the midillo lobe although there is as 
much bronchiectasis in tho anterior ramus, the smnll puddle of Lipiodol being in the 
anterior aubsogmont. Horo is tho small lymph no<lc often seen, causing some compressiou 
and stenosis, nnd hero tho atelcctntio portion of the anterior subsegmont. The dissection 
continued with tho anterior subsegmetitul btoueljus divided and the lateral subscgniental 
bronchus loft intnet. 

Wo have closed the pleural surface tn'causo ne have had too many complications, 
wo boliovo, by leaving u raw lung surface. Tltii im perforuied with little or no actual 
diminution In breathing capacity, because we do it nith the Jobe partly expanded, leaving 
a small rim of pleura whicli caa bo brought over. 

Here is a patient who has broucbicctusis; this shows the first bronebogram with 
superior segmental diseabO, but two areas which ar** uot filled. Kurther bronehograma 
were nceessary, which showed disease in the posterior upper ]ol>e segment and also in the 
middle lobe. At operation tho dlslrilmtiou was right middle lobe, the superior segment 
of tho right lower, and lateral aubsegmeut of tho jMDsterior segment of tho right upper. 
TJicso three arooa of disease wore removed, resulting in considorubly better functional 
result than if entire lobes wore removed. 

In conformity with other experience, our complications have been definitely greater, 
approximately three times greater in the sognioutal resections than in lobar resections. 
In particular, empyemas have caused os some difllculty. Whereas in lobectomy there were 
approximately 3 per cent complications, in the tlrst thirty segmental resections in wliich 
a TOW lung surface woe left we bad u 23 per cent rate of empyema, an incidence which 
wo believe to bo too'high. For that reason wo have tende<l to clobc pnietirally all raw 
lung surfaces and in tho lost -10 odd cu«c8, cuii>yenia has dropped to about 3 i>er cent. 


DR. ROBERT R. BHAW, Dallas.—I have enjoyed these two papers very much. Dr. 
Paulson and I wout to report our experience in this field in the lost three years. During 
this period we have done segmental resections for noumalignant disease in the lung in 
eighty-four instances uud have had a general empyema rate in this whole group of a little 
more than 10 per cent. This included, however, twonty-two segmental resections done for 
abscesses and infected cysts. In this group tho empyema rate ^vas quite high 34 per cent. 
If we limit the discussion to patients having bronchiectasis nod chronic pneumonitis, there 
wero 60 segmental resections with an empyema rate of approximately 13 per cent. This 
contrasted "with pneumonectomies or lobeotomlca for the same condition with an empyema 
rate of 2,7 per cent in 106 instances. There is one other technical aspect of the problem 
that I would like to omphoslio; that is the fato of the remaining segment. The fate of 
tho remaining segment disturbed mo considerably early in our experience, especially after 
the basal segments had been removed from a lower lobe. I noticed on postoperative 
bronchoscopy that there was kinking of tho dorsal bronchus by dislocation of the dorsal 
segment. Since that time I have routinely loft adJietnons if they were there, to allow this 
segment to come down uniformly with the upper lobe in the re-expansion process. If there 
wore no adhesions I made a row of mattress aoturois picking up just tho visceral pleural 
edges so that the dorsal lobe would expand evenly with the upper lobo. 
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I would like to stow one slide to illustrate a problem brought up by segmental resec¬ 
tion. In the patient with bilateral bronchiectasis, many more of course are being accepted 
for surgery now than could have been accepted before segmental resection had become 
safer. I think the choice of the side to be attacked first sometimes becomes a great prob¬ 
lem. We have here an illustration of a woman who has bronchiectasis of the lower seg¬ 
ments of the right lower lobe; the lateral film shows that the dorsal segment is normal; 
there is bronchiectasis complete in the middle lobe, and bronchiectasis in the anterior 
segment of the upper lobe. To attack the right side first entails a rather difldcult dissec¬ 
tion and also invites complications that may lead to poor function of the remaining seg¬ 
ments in this lung. If a poor function did result on this side it might be impossible to do 
anything about the lingular segment, which is the only portion involved on the left side. 
I think it would be better wisdom in a case of this sort to attack the lesser side first, since 
we would have a functioning right lung—although it is damaged by disease—to give 
support during the attack on the small lingular segment. I think the left side could be 
handled easily without too much danger from the operation. Then, with a left lung free 
of disease, I think the right side could be attacked much more safely. In a later paper 
you will note that the four deaths occurring in bilateral bronchiectasis occurred after the 
attack on the second side, and quite often these deaths are due to insufficient pulmonary 
reserve. If technical difliculties should be encountered on the right side, as sometimes 
occurs—sometimes an artery is torn so that more tissue has to be removed than was 
planned—even a pneumonectomy could be performed on the right side and the result 
would probably be good. If such a thing should occur by attacking the right side first, 
nothing could ever be done about the disease on the left. It might take a bit of sales¬ 
manship to sell the patient the idea of attacking the lesser side first, but I think there ate 
instances in which this would be good judgment. 


DR. D. A. hlULVIHILL, New York.—I think Dr. Chamberlain has been altogether 
too modest in glossing over in half a sentence the thirty cases of segmental resection he 
has done for pulmonary tuberculosis. He has undertaken this study as part of an espen- 
mental project at the Triboro Hospital in New York and the U. S. Naval Hospital at 
St. Albans, N. Y. I have had an opportunity to observe his results to date on this work 
He is naturally reluctant to talk about them because he feels, I think, that his indications 
for segmental resection in tuberculosis are not adequately defined at present and he would 
like to work them out better. It is true, as he mentioned, that it will take five years to 
evaluate the final results in these cases. However, thirty cases of segmental resection for 
pulmonary tuberculosis at this date is no small number. I can say that his results, so 
far as the early period is concerned, are most promising. He has a low rate of immediate 
postoperative complications, and so far very few and insignificant late complications m 
the months that have passed since operation on this group of segmental resections. 
I think probably he should speak more freely about his experience with this particular 
group when he closes the discussion. 


DR. E. P. GLOVER, Philadelphia.—^I should like to re-emphasize one point in the 
technique of segmental resection as this procedure is applied in tuberculosis. Whereas m 
nonspecific inflammatory segmental resections we have had excellent success using the 
technique described by Dr. Clagett, that of leaving the raw surface open and unencum 
bered by pleura, in tuberculosis the multiple so-called alveolar leaks which frequently occur 
after segmental resection must be treated with more respect. These leaks ordina I 
quickly seal themselves, but in a series of some thirty odd segmental resections ^ P 
monary tuberculosis we have found that such leaks not infrequently do not become ® 
and therefore lead to nonexpansion of the lung. I should like to suggest, therefore, t a 
very meticulous care be taken in tuberculous segmental resections to find and close t es 
leaks, which actually may be tiny bronchiolar openings rather than so-called alveolar tears. 
These openings must be carefully closed, either by the technique described here or by t e 
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US6 of a flap of plonra. If this precaution is not taken, proper expansion of the Inng Tvill 
not occur, almost invariably leading to the formation of Infeciod pleural fluid and eventual 
empyema with bronchoplouml llstula. Attention to this detail will give better results in 
tuberculous coses treated by sogmoatal resection. 

DR. J. D. ilUBPIIV, Otcen, N. C.—A few weeks ogo at a meeting in North Carolina 
I was floated next to Dr. Stuart Willis, and the subject of segmental resection in tuber¬ 
culosis arose. Dr. Willis said it was a vicious procedure and that the results with it wore 
bod. Ho asked whether wo wore doing it at Otccn. I was rather noncomittal but when 
I got homo I wont through our cases and found that in a series of 110 resections for tuber¬ 
culosis we had dono segmental resection in 9 instances. These varied from a formal dis¬ 
section of tho dorsal segment or on apical segmont to simple ligation and excision of the 
tip of tho dorsal segment os described by Dr. Bloch in 1881. 

In analyzing the results in these potieuts, eight had a negative sputum, and re- 
eipuusiou without complications. Oao had late progression of tho disease into the re¬ 
maining segment of tho upper lobo and required ihorncoplosty. AU have boon done for 
at least six months and some of them for eighteen months. 

DR. FELIX UUOHES, JR., ilemphis,—This slide shons tho distribution of resections 
of tho long at Kennedy Hospital since June. 19-10. In tuberculosis we have done soventeon 
sograentuls, in bronchiectasis suvoutecn, Including the patients wl»o bad both a lobe and a 
segmont romovedj for abscess and pnoumooitis wo have done two segmental resections; for 
cysts or blobs we havo also dono two iOgnientaJs. Tu oddition, I have listed, under 
“lesion,’^ patients who have not had a formal segmental resection but have bad an ex¬ 
cision; there are flftoon of those. There has beon no mortality In the group with benign 
lesions. ■ 

In the patients with tabcreulosis our results have been raoro an indication of tho 
stability of the lesion than of tho fj'po of resection. Wltero tho pntlont had a stable lesion, 
80 per cent aro in good condition at this time, most of them sovon to fifteen months after 
operation. Where the lesion was acute or unstable, ouly 25 per cent are in excellent con¬ 
dition at this time, and that has beon about the same regardless of whether tho operation 
was a lobectomy or a segmental resection. Of tho forty-three patients with pulmonary 
tuberculosis who havo had a resection only one patient is in serious condition at tliis time. 

The slides will show tlio result in two coses. This is a Negro patient with a tubercu¬ 
lous lesion in the right upper lobe, treated by streptomycin. While streptomycin was being 
given the process spread to two basal segments and the apical segment of the right lower 
lobo. Lobectomy and segmental resection wore performed, with streptomycin protection, 
and, following this, recover\'' has boon uneventful. Thoracoplasty was done at the end of 
three weeks, and this elide shows tho result after thoracoplasty and resection. It has been 
over one year since the last operation, and the sputum la still negative, 

Tho next slide shows a patient who had bilateral pulmonary toborctUosls; he had a 
pneumothorax on the loft sido and pnoumonolyais with complete di\dsion of adhesions, but 
the disease progressed with cavity rupture, a bronchopleural fistula, and total empyema oa 
the left In addition, therapeutic pneumothorax was instituted on the right, with the 
diseased area becoming considerably fibroaed during streptomycin tliorapy. Decortication 
was done with segmental resection of tho posterior apical segment of the left upper lobe, 
followed, after three weeks, by thoracoplasty. The next slide shows the condition soon 
after thoracoplasty with operative edema still present. Since that time, this has cleared 
and the anterior segment is expanded. Tho sputum is negative and tho loft lung remains 
clear. There is a suspicious lesion on the right, but the patient’s condition is good. 

I agree with Dr. Chamberlain that it is too early to decide the value of segnmntal 
rosectioa in tuberouioais, but it is certainly worth considering if wo con remove nil the 
diseased tissue and still conserve good lung tissue. 
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DE. JOHN il. CHAMBERLAIN, New York.—do not believe that I can over¬ 
emphasize the vigilance which these patients require postoperatively. When Dr. Samson 
and Dr. Shaw reported their empyema rate I was rather disturbed and hurriedly went back 
over my statistics to see if I had been inaccurate in my evaluation. I found that we have 
recorded one case of empyema in the series, but under a separate heading we have recorded 
six cases of bronchopleural fistula and under another heading three cases of recurrent or 
spontaneous pneumothorax. If all are considered to be empj'emas, the empyema figure 
adds up to ten. Yet onlj^ one of them developed the clinical picture of an empyema and 
all of them responded to intercostal decompression (tube) done in the patient's bed with¬ 
out returning to the operating room. I should like to point out that perhaps the great dif¬ 
ference in our results is due to postoperative intrapleural active suction. At Bellevue, on 
Dr. Berry's service, there are eight of us, and when we first began to perform this operation 
there were two schools of thought as to whether a water seal was sufficient or whether we 
should use active suction. I believe I can say that most of the men now believe that 
active intrapleural suction is a better solution. 

We have used in one case as high as six intercostal tubes postoperatively (not all at 
once of course) in instances where localized pockets were found in the postoperative x-ray 
films. We feel that the dead apace is a potential empyema and that its obliteration pre¬ 
vents the development of an empyema. Therefore any intrapleural pockets seen in the 
early postoperative course of these patients are "tubed" immediately and the tube is left 
in for twenty-four to forty-eight hours. We wish to point out that if the empyema rate is 
high it may be because the surgeon failed to insert a tube and re-expand these small 
pockets which may occur. Perhaps the difference in our results is dependent upon one’s 
definition, of what is and is not an empyema. 

If I were going to close the surface of one of these segmental resections I cannot 
imagine a more ingenious way than the one which Dr. Samson has shown us. I have 
thought for a long time of some way of using a pleural graft, as I saw Dr. Churchill do 
years ago over the raw area of the mediastinum after a pneumonectomy. Dr. Samson’s 
solution is a good one because as the visceral pleura is approached it should be very easy 
to skim the visceral pleura off the diseased segment and allow it to fall back over the raw 
area as he pointed out. However, the collection of air beneath this pleural graft might 
prevent it from closing the small fistulas. I prefer to rely on suction which removes the 
air faster than these leaks can deliver it. 

I appreciate all that the various discussers have contributed. With reference to 
tuberculosis 1 am still not anxious to draw any conclusions. It might interest you to notice 
the complications we have listed in those 30 cases. Contralateral spreads have occurred m 
one case; homolateral spreads have occurred in two cases; bronchopleural fistula in three 
cases; empyema without bronchopleural fistula in none (two have developed since this 
paper was presented); incomplete or delayed re-expansion in two cases; atelectasis m one 
case; recurrent spontaneous pneumothorax in none; coronary occlusion in one case; wound 
infection in no cases. 

I do not think anjmne can feel that segmental resection in tuberculosis is a matter 
that can he decided on today, and with Dr. Murphy' and the doctor to whom he referred 
I agree that it is a very hazardous procedure and, first of all, the surgeon should master 
the technique of segmental resection, and then, with the aid of the medical semce, con 
sider very cautiously and select very carefully those cases which might be vulnerable to 
this ty'pe of procedure. 

DE. PRANCIS M. WOODS, Brookline, Mass.—^We agree heartily with what Dr. 
Chamberlain has said about active suction; we have found that active suction rather than 
just underwater-seal drainage is definitely more advantageous in getting prompt and com 
plete re-expansion of the lung. 

Regarding Dr. Shaw’s remarks about the selection of the side for first operation i 
bilateral bronchiectasis, I would not agree with him because it seems to me that the mos 
important consideration is the postoperative care of the patient and when the side of t e 
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grcator bronchleclaaia ia loft in, wo often have grout ilifHcultj’ in munaging the aspiration 
and eougUing up of at'crotiona. Tlioroforo I would fco! at the present time that operating on 
the aido of the grcJitcr broucliioctaala la uaunlly more advantiigooua, 

(Hlidea). This illuatmtca n eoniplii^tion that Dr. Itumaay did not go into; we liavo 
found in two inatancew, wo l>ulie\‘i3 (certuinly one was proved at autopsy), timt there was 
conaldcrable engorgement of the auperior segment of the lower lolx? after the baaal segments 
had been removed. Wo iittributo this, aa wo attempt to demonstrate in this dingnun, to the 
fact that during oxpoauro of tho bronehus to tlio bnml segment of the lower lobe, undue trac¬ 
tion or too prolonged tmetion was placed on the vein to the superior segment. We therefore 
recommend and prucflce at the present time, opproaclilng the bronchus from the inferior or 
anterior side rather than tho posterior aide, ao that undue and prolonged traction will not be 
placed on that vein. 

I would also liko to mention that vre have become uiterestoil in another application 
of aegmontal resection. When tho cheat is opened anil tho exact dingnasis has not been 
established, Bomotimes one finds it dilHcuIt to get iin adcjquate biopsy without cutting 
through lung tiaaue. In these iiistuncea we have done segraontal reaeetioD to establish tho 
diagnosis. Thia ease turned out to be a carcinoma, and pneumonectomy was completed. 
The next slide shows a tuborcuJonm removed by aegmental resection. Frosen section estnb- 
lUhed the diagnosis and the cheat waa closed. 



M 


BRONCHOLITHIASIS 


BDerbert W. Schmidt, M.D.* (by invitation), 0. Theron Clagett, M.D.,t 

AND John R. McDonald, M.D.J 
Rochester, jRinn. 


T he subject of broncholitbiasis bas been of great interest to tbe medical pro¬ 
fession for centuries. It bas been said that pulmonary calcifications inter¬ 
ested Ai’istotle (384-322 b.c.).^ However, a detailed description of tbe condition 
did not appear luitil 1600 a.d. when Scbenck a Grafenberg- described 17 cases of 
broncboUtbiasis reported ui tbe literature. Reports of an additional 6 cases were 
reviewed by Sebenek a Grafenberg, but from the text it is impossible to be 
certain that tbe autboi-s were dealing with bronebolitlis. 

Morton,^ in 1689, outlined therapy for broncholitbiasis. He stated: 

First; in the beginning of the disease lubricating medicines should be used 
copiously; yes, and mild emetics, by which one attempts to promote the expulsion 
of the calculus or of other bodies that have lodged in the lungs, since long delay 
makes it more difficult to expel them and the condition of the lungs is thence more 
gravely injured. Secondly; if, however, severe and spasmodic pains are excited by 
the laceration of the lungs caused by motion of prickly calculi of this kind, copious 
hemoptysis is to be expected; and therefore instead of lubricating medicines 
laudanum should be given freely and frequently, by which the motion of the 
calculus can be stopped promptly, pain can be relieved and hemoptysis can be 
checked. . . . Certainly if phthisical patients of this kind take care of their health, 
as by always breathing pure country air, avoid taking cold, drinking bouts, ex¬ 
cessive exercise and whatever else can excite the fixed calculi to new movement, 
they will be able to live to an advanced old age, performing their usual duties 
satisfactorily. . . . Only when there is urgent need should a milk diet be ordered 
in phthisis arising from pulmonary calculi, because such a diet is likely to generate 
new chalky stones of this kind in the lungs. ’Whence it happens that the cure of 
one phthisis is accustomed to lay the foundation for another. 


He reported 2 cases of broncbolitbiasis. 

Boerbaave,-* in 1744, described tbe case of tbe botanist, Sebastion VaUlant, 
wbo, tbrongh many years, coughed up 400 broncbolitbs and died at 54 yeare 
of age of “pbtbisis calculeuse.” 

Morgagni^ stated that “almost 100 authors have described calculi, or 
tophi, that have been brought up by coughing, or found in the lung.’’ He did 
not indicate how many of these were bronchial calculi. He again brought up 
tbe subject as to whether milk should be used in patients who had broucho- 
lithiasis. He agreed with Morton, feeling that it was contiTLindicatecL He 
quoted other authors, among them an Albertus Fabrius, who contended ‘ very 
resolutely’’ that calcareous concretions in the lung might be increased by tbe 
use of milk. He cited the case of a patient who eraved milk “to such an extent 
that he drank it even instead of water or beer.’’ It was felt that this program 
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increased the calculus, or at least the pain, and hastened the patient’s death,” 
,:\notlier patient descrihed liy Fahrius was refused milk in the diet and given 
oil of almonds. A broncholith was coughed up, the pain left, and “perfect 
health was restored.” 

In 1810, Baylo’* described stonelike phthisis as lieing one of the six 
types of tuhei-culosis. 

By 1892, niierascoiiic and hacteriologie techniques had been perfected to 
such an extent that Lcgry” was able to aiiproach the pi-ohlcm from this stand¬ 
point. Ho stated that ealcificalion of traeheohronchial lymph nodes could occur 
in tuberculous ns well us nontuhcreulous patients. He pointed to the fact that 
certain workers as early as 1854 had held to this oinnion hut that tlieir work 
had not been readily neccptcil. lie stated that tubercle bacilli could be found 
in only a certain small percentage of the easi’s in which he studied specimens 
miero.scopicidly. Studies on guinea pigs gave negative I’esults. It was his 
opinion tlmt this was one way that nature could get rid of a tulierculoiis 
lesion, namely, by first having a concretion form and then b.v having it coughed 
up. He advised the giving of milk and of calcium phasplmte to tulicreulous 
patients since here wore substances which would cause a ' ’ fossilisation of 
bacilli and their loss of virulence.” 

BEVIEW OF I.ITKHATniE 

Incidence .—Tlie e.xaet iiieidence of broneholithiasLs is difficult to determine 
because (1) not all of the recognized eases have l>eeu imported and (2) not all 
cases have been recognized. Stivelman' .stated tlmt the incidence of broneho- 
lithiasis in pulmonary tuliereulosis Ls exceptionally low; he saw only 1 instance 
in more than 5,000 eitscs of tuberculosis. Pritchard’ recorded 2 examples as 
having occurred in 7,000 putienLs with tuberculosis. Lloyd' was able to find 
reports of only 18 eases of broncholithinsis in the Bnglish medical literature 
from 1000 to 1930. Hu reported 4 coses of his ovm. By the end of 1941, 
VanOrdstrand, lloore, and Harris'" were able to find reports of 26 cases in 
the English medical literature. They reported 2 coses at that time. In 
August, 1944, Tiunoy and iloorsch'* stated that 30 cases had been reported in 
the British and American literature. They pointed out tliat this did not 
represent the real incidence of broncholithiasis since they weie able to collect 
records of 28 cases from the files of the Mayo Clinic. 

Sternbci'g,'" in a study of 6,132 post-mortem e-xaminatious, observed 32 
instances in which there was evidence of perforation into the tracheobronchial 
tree by an anthracotic lymph node. 

By the latter part of 1946, Zahn” was able to find reports of 71 cases in 
the literature. He added another case. His was tlio only case of broneho- 
lithiasia encountered in more than 4,000 cases of tuberculosis during the year 
1946 at Pitzsimons General Hospital. Lell,'* in 1947, reported another 6 cases. 

In the previously mentioned reported cases, the diagnosis was made by 
(1) obtaining n history of having coughed up a broncholith, (2) finding a 
broncholith at the time of bronchoscopy, (3) surgical exploration, or (4) post¬ 
mortem examination. 
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T he subject of broncbolithiasis has been of great interest to the medical pro¬ 
fession for centimes. It has been said that pulmonaiy calcifications inter¬ 
ested Aristotle (384-322 b.c.).^ However, a detailed description of the condition 
did not appear until 1600 a.d. when Schenek a Grafenberg- described 17 cases of 
broncbolithiasis reported in the literature. Reports of an additional 6 cases were 
reviewed by Schenek a Grafenberg, but from the text it is impossible to be 
certain that the authors were dealing with broncholiths. 

Morton,® in 1689, outlined therapy for broncbolithiasis. He stated: 

First; in. the beginning of the disease lubricating medicines should be used 
copiously; yea, and mild emetics, by which one attempts to promote the expulsion 
of the calculus or of other bodies that have lodged in the lungs, since long delay 
makes it more difficult to expel them and the condition of the lungs is tlience more 
gravely injured. Secondly; if, however, severe and spasmodic pains are excited by 
the laceration of the lungs caused by motion of prickly calculi of this kind, copious 
hemoptysis is to be expected; and therefore instead of lubricating medicines 
laudanum should be given freely’ and frequently, by which the motion of the 
calculus can be stopped promptly, pain can be relieved and hemoptysis can be 
checked. . . . Certainly if phtliisical patients of this kind take care of their healtli, 
as by always breathing pure countTy air, avoid taking cold, drinking bouts, ex¬ 
cessive exercise and whatever else can excite the fixed calculi to new movement, 
they will be able to live to an advanced old age, performing their usual duties 
satisfactorily'. . . . Only when there is urgent need should a milk diet be ordered 
in phthisis arising from pulmonary calculi, because such a diet is likely to generate 
new elialky stones of this kind in the lungs. Whence it happens that the cure of 
one phthisis is accustomed to lay the foundation for another. 


He reported 2 cases of broncbolithiasis. 

Boerhaave,'* in 1744, described the case of the botanist, Sebastion VaUlanb 
who, through many years, coughed up 400 broncholiths and died at 54 years 
of age of “phthisis ealeuleuse.” 

Morgagni^ stated that “almost 100 authors have described calculi, or 
topM, that have been brought up by coughing, or found in the lung.” S® 
not indicate how many of these were bronchial calculi. He again brought up 
the subject as to whether milk should be used in patients who had brone^- 
lithiasis. He agreed with Morton, feeling that it was contraindicated. ® 
quoted other authors, among them an Albertus Fabrius, who contended 
resolutely” that calcareous concretions in the lung might be increased by ® 
use of milk. He cited the case of a patient who craved milk ‘ ‘ to such an exten 
that he drank it even instead of water or beer.” It was felt that tiiis program 
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It might be well to mention metastatic calcification of the lung. Best 
and Taylor stated that this is a condition ■wherein there is a translocation of 
the calcium of the skeleton to the soft tissues. It occurs when escessi’ce doses 
of parathyroid extract or irradiated orgosterol have been used. The calcareous 
deposits may occur in any of the soft tissues. However, the kidneys, arteries, 
lungs, and the fundus of the stomaeh are the most common parts that are in¬ 
volved. The kidneys, the stomaeh, and the limgs are organs tliat eliminate 
acid, and theoretically, at least, the ceUs of these organs might he left more 
alkaline in reaction. A situation favorable for the deposition of calcium is 
created, lletastatic calcification may occur in hyperparathyroidism, renal 
rickets, diseases of bone such as multiple myeloma and osteomalacia, and malig¬ 
nant bone tumors. 

It is possible that tbe phenomenon of metastatic calcification is due to 
excess calcium in the blood. It has been suggested” that, in some instances, 
such calcification is secondary to tissue injurj' and therefore is, in reality, a 
tj^pe of dystrophic calcification induced by a to.xie agent. It has been shotvn 
that parathyroid extract and irradiated ci'gostcrol have a definite toxic reaction 
other than their eft'eet on calcium mctalmlism. In some instances, metastatic 
calcification is as.sociatcd with hypocalcemia. 

'Wells"’ sold that wheu metastatic calcification accompanies destructive 
disease of bone, calcium salts arc absorbed in greater amounts than can be held 
in solution by the arterial blood. Under these circumstances no calcium is 
found to be deposited on the right side of the heart. After the blood has passed 
through tlie lungs and has lost a large part of its carbon dio.xide, the calcium 
salts may be found precipitated in the pubnonary veins and the left aide of 
the heart. The lungs are also a site of calcium deposition under these cir¬ 
cumstances. No cellular action has been demonstrated to account for the depo¬ 
sition of these calcium salts. It has been felt that the deposition of calcium 
salts in tracheobronchial lymph nodes is probably due to a process of filtration 
alone. IVe have not obseiwed an instance of broncholithiasis which has occurred 
secondary to metastatic calcification. 

Pathologic Aspects. —Poulalion*’ was one of the first to describe tbe 
pathologic features of hroncholithi8.si8. Ho stated that broneholiths may be 
cartilaginous, calcareous, or osseous in their make-up and that they may arise 
anywhere in the pleuropulmonary tissues, Pendergrass and de Lorimior,” 
in attempting to explain the pathogenesis of pulmonary calcification, postulated 
four possibilities; (1) secondary calcification after degeneration or necrosis 
due to infection, (2) primary or secondary calcification of aspirated foreign 
bodies, (3) precipitation of the asseous inorganic elements due to excessive 
concentrations of them in the blood, and (4) metastasis of bone-forming cells. 

It has been said that broneholiths may originate (1) in the Urmen of the 
bronchus, (2) in the bronchial wall, or (3) aroimd the bronchus and sub¬ 
sequently erode through the wall of the bronchus. It has been stated that 
aspirated foreign bodies and endobronchial secretion may act as nuclei for 
the deposition of calciimi.” Inflammatory processes in the tracheobronchial 
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tree may lead to necrosis of the tracheobronchial cartilages which likewise may 
act as nuclei in the formation of broncholiths. 

Most workers feel that the great majoiity of broncholiths arise when 
tracheobronchial lyniph nodes become calcified secondaiy to an antecedent 
pulmonary infection. These calcified lymph nodes erode the bronchial wall and 
gain partial or complete entrance into the bronchial lumen. Such a broncholith 
acts like a foreign body. 

Broncholiths may vaiy in size from granules to the size of 139 Gm.’ 
They usually are gray-white, irregular, and hard, but they may look lilie putty. 
They usually are rough and irregular. In most instances, when either coughed 
up or removed bronchoscopically, they are broken so that they may represent 
merely a fragment of a large stone. They may show black areas of anthracosis. 
A broncholith Avhich is not coughed up promptly is quite likely to cause collapse 
of the lung distal to the site of obstruction. Subsequently, pneumonitis, 
bronchiectasis, lung abscess, or empyema may follow owing to bronchial ob¬ 
struction and secondaiy infection. 

Fox and Clerf,^^ using iodized oil, were able to demonstrate cylindrical 
bronehieetatic lesions distal to the site of obstruction in 4 cases after removal 
of the broncholith. 


DATA ON FORTY-ONE MAYO CLINIC CASES 

Cases Included .—Included in this series are the cases in which there was 
a history that one or more broncholitlis had been coughed up but in which, 
at the time of examination, no broncholith could be found. Included also, of 
course, were the cases in which a broncholith Avas found either free or fixed 
in the lumen of the bronchus at the time of bronchoscopy or surgical treat¬ 
ment. At least a part of the broncholith must have eroded into the lumen 
of the bronchus before the case Avas eligible for inclusion. The distinction, we 
feel, is important since calcified lymph nodes that ci’eate only extrinsic pressure 
on a bronchus should not be designated as broncholiths. 

Since the publication of the article by Tinney and Moersch in August, 
1944, Avhich was based on 28 cases, an additional 13 cases of broncholitliiasis 
have been encountered at the clinic. It is of interest to note that broncho- 
lithiasis Avas recognized in only 28 patients in the thirty-seven years wliicb 
preceded August, 1944, but that it has been recognized in 13 patients in the 
succeeding four years. This rapid increase in incidence has occun'ed by virtue 
of the fact that an increasing number of indeterminate pulmonary lesions ai’C 
being explored surgically at an early date to make certain that they are not 
bronchiogenic carcinomas. In 8 of the eases of broncholitliiasis encountei'ed 
since 1944, the condition Avas diagnosed at the time of surgical exploration, and 
in only 3 Avas the lesion recognized at the time of bronchoscopy. Exploration 
carried out in 2 additional patients shoAvecl pathologic changes secondary to the 
presence of broncholiths which had been expectorated prior to operation. 

This review covei's the entire series of 41 cases encountered at the chnic, 
including the 28 cases repoi-ted by Tinney and Moei-sch. By basing our 
analysis on the entire series of cases, AA'^e believe that the validity of the statisti¬ 
cal data obtained is improved. 
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Tweuty-onc of tlic patients were women and 20 were men. The age dis¬ 
tribution was as follows; 20 to 29 years, 1 case; 30 to 39 years, 6 cases; 40 
to 49 years, 18 cases; 50 to 59 ycara, 11 cases; 60 to 69 years, 3 eases, and 
70 years or more, 2 eases. Thus, 71 per cent of the cases occurred ni the age 
group of 40 to 69 years. 

The diagnoses in these cases i)revious to cxamuiation at the clinic were 
as follows: tuberculosis, 9 eases; carcinoma. 4; bronchial obstruction wth 
stenosis, 4; bronchiectasis, 3; ])ncumonia, 2; broucholithiasis, 2; lung abscess, 
1; and empyema, 1. No prc\"ious diagnosis had Isten made in the remaining 
15 cases. 

Sijmploms .—BroncholitlLs are foreign IhkIics in the tracheobronchial tree 
and thus are usually very irritating. The severity of symptoms depends on 
the size and location of the broncholith. The s>'mptom.s may van.' in degree 
from an unconscioirs raising of a small stone with a mild cough to the severe 
stone asthma or bronchial colic with which there may be intense substernal 
pain accompanied by a sense of fiiiffocation. 

The duration of symptoms in this group of patients was of interest. Ac¬ 
cording to the history, the shortest duration was thirty days, and the longest, 
twenty-two years. The first s.v'mplom was cough in 23 cases (56 per cent), 
hemoptysis in 9 cases (22 per cent), and thoracic pain in 9 ca.ses (22 per cent). 

The mast common sjuiiptom was cough, which oceurn“d in all cases. The 
cough was productive of oidy stony material in 1 co'a'. In 25 cases (61 per 
cent) there was slight to moderate e.xpcetoration. Eight patients (20 per cent) 
gave a historj' of coughing ui) as much us 2 ounce.s (about 60 c.e.) of muco- 
ptirulont secretion in tweut.v-four boms. Seven (17 per cent) raised from 
3 ounces (almut 90 c.c.) to more than one cupful (about 240 e.e.) of mucopui'u- 
lent secretion in twenty-four hours. 

Tho next most frequent s.vmptom was hemoptysis. This occurred in 35 
cases (85 per cent). Six of thasc patients had undergone such severe hemor¬ 
rhage that they had required trunsfasiou. 

Fever, usually in association with chills, had occurred in 25 eases (61 per 
cent). Pleuritic pain occurred in 23 cases (56 per cent), and at times this 
pain was severe. The pain may occur in the retrostenial region and extend 
to the thoracic spinal region. A certain number of patients had an asthraatoid 
wheeze. At times this was severe, resulting in intractable asthma. 

Physical Findings.—The physical findings were not particularly diagnostic 
In tlio great majority of the patients. The physical findings depended on tho 
size of the broncholith and its location. If a brencholith was located in a 
tertiary bronchus, physical findings wore sometimes absent. If the broncholith 
was located in a secondary bronchus and caused a high degree of bronchial 
obstruction, the physical findings rvorc those seen hi eollapse of a lobe. Thus, 
there would be dullness to iiercussiou and decreased or alisent breath sounds 
over the region affected. The mediastinum was displaced toward tho affected 
side and the intercostal spaces wore decreased in size. Sometimes there was an 
inspiratory lag on the affected side and elevation of the diaphragm. One of 
the earliest findings was usually tho reduction of the intensity of breath sounds 
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over the affected part. Sometimes a wheeze was heard over the region; at 
times this wheeze was heard only at the end of a deep inspiration. 

Roentgenologic Findings .—The roentgenologist suspected broncholithiasis 
in only 3 of the 41 cases. The roentgenologic diagnoses were as follows: ob¬ 
structing lesion ivith atelectasis, 6 cases; bronchiectasis, 4; calcified hilar nodes, 
7; “rule out bronchiogenic carcinoma," 6; pulmonaiy abscess, 5; broneho- 
lithiasis, 3; tuberculosis, 3; negative for thoracic disease, 2; infiltration of hilus, 
1; multiple areas of pulmonary calcification, 3; and right pneumothorax and 
fibrosis of both upper lobes, 1. In the last-mentioned ease, the patient had 
had a right artificial pneumothorax induced prior to his arrival at the clinic, 
in an attempt to control pulmonaiy hemorrhage. 



Fig. 1.—a, Bronchollth occluding light lobe bronchus. The bronchollth could be felt wltli 
grasping forceps at Uie time of bronchoscopy but could not be removed. The right upper looe 
bronchus was dilated, b. The stone that was expectorated immediately after bronch^copy. 
c. Appearance one month after bronchoscopy. (From Tlnney, W. S. and Moersch, tl- J-- 
Broncholithiasis, S. Clln. North America 24: SdO-S-tS. 1044.) 

In I'ctrospect, probably the most diagnostic roentgenologic finding, when it 
occurred, was the presence of a dense area of calcium deposition at the apex 
of a triangular portion of collapsed lung (Fig. 1). The apex of the triangulai’ 
shadow was located at the mediastinvun, and the portion of the lung that was 
collapsed corresponded to a segment or a lobe. At times this area of calcification 
was hidden by the heart, and heavy-exposure technique was required to visualize 

it. _ _ . 

With the collapse of all or a portion of the lung, there may be diminution 
in the size of the affected pulmonary field. Thus, the diaphragm may be ele¬ 
vated, the mediastinum shifted to the affected side, and the intercostal spaces 
decreased on this side. 
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Broncholitliiasis may cause piilmonar}' abscess or empyema, and thus the 
roentgen findings may bo tlioao o{ these complications. If tlio bronoholith is 
sniall, the roentgenologic e.saininntion of the thoirix may give negative results 
(Pigs. 2 and 3). 

Some roentgenograms sliowcd only multiple ai-cas of caleifieation tliiough- 
out both lungs. Otliors ravcaled llie picture of unilateral or bilateral hilar 
calcification without any emdence of collapsed lung. 

Bacteriologic Obxcrvations .—The sputum was examined for tubercle bacilli 
by direct smear in all cases and was found to be free of such microorganisms. 



, Plr. 2.—VarinUon In roonteenographlc appearance In bro^hoIlth^U. n. Tha apwar^m 
U eMcnUaUy normal j-ot Uia bronchoacoplat found and remove a brtrachollUj from tbe 1^- 
mala bronchua. b. Hltenalvo calcUlcaUon of Uio tmchoobroncblal lymph nodM. A bronchoUth 
waa found and removed from the loft lower lobe by Uie bronchoTOpUL o. Broncbolltba may 
prMuca Uio roentucnocraphlc flndinsm of pulmonary nlfceaa In tbu a rlent lower 

lobectomy waa performed. Two broncbolltba wore found In tbo deptha of the rlcm lower lobe 
bronchua. AoUve pulmonary luberculoaU waa aUo found. Oulnca plea Inoculatod with material 
bilton from the riaht lower lobe were found to be poalUve for tutorcnloala. d. Tim lealon nmy 
reaemble tboae aeon In coccldloidomycosla, with a well-clrcumacribed annular ahadow In which 
there u a central area of rarefaction. 
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Eig’. 3.—The roentgenogram may close¬ 
ly resemble that seen In certain cases oi 
bronchlogenlc carcinoma, a. An area of la- 
nitration extending from the left hJlus Into 
the left upper lobe. Bronchoscopy rev^ea. 
In the left upper lobe bronchus, a 1^® 
bronchollth which was removed, b. Innlffa- 
tion Into the right middle lobe. Bronchos¬ 
copy revealed, in the right middle lobe bron¬ 
chus, a 0.5 by 0.76 cm. stone which was re¬ 
moved. c. Lordotic roentgenogram sho'vini- 
an area of infiltration In the apical se^em 
of the right upper lobe which Increased raE 
idly in size during the month it was io>' 
lowed. A right upper lobectomy was 
formed. Three bronchollths were fn*tnd 
the excised specimen, d. Collapse of m 
right lower lobe. Bronchoscopio “J 

tion revealed, in the right lower lobo. a 
large bronchollth which was removed. > 
Collapse of the left lower lobe showing a 
a triangular shadow of Increased density 
hind the heart Bronchoscopy revealed a 
mass of tissue in the left lower lobe, ru 
bronchoscoplst thought he was dealing wim 
a bronchlogenlc carcinoma but the tissu 
removed showed only Inflammatory' nhang^ 
-After bronchoscopy, the patient coughed up 
a large bronchollth. Iodized oil has occ 
placed in the right lung. 
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In some instances, cultiu’cs for tubercle bacilli and fungi were perfomed with 
negative results except in 1 instance. In only 1 of the surgical cases was 
evidence of active tubei'culoals found. In this case, guinea pigs inoculated 
with niatorial front the re.sceted lung were found to be positive for tuberculosis. 

BroncJioscopic Dtita .—After the history’, physical examination, and roentgen 
studies of the thorax and baeteinologic studies of tlie sputum have been com¬ 
pleted, one may’ or may not think of the itossibility of bronchoUthiasis. Usually, 
in our series of cases, the clinician con.sidererl bronchiogenic carcinoma as being 
the most likely’ diagnosis prior to bronchoscopy’, 

Si.x of the 41 patients did not undergo bronchoscopy’. These were persons 
who gave a history’ of having coughed up stones prior to coming to the clinic 
but who, at the time they’ were seen, were asymptomatic. Thirty’-five patients 
underwent bronchoscopy’ one or moiv times; 32 (91 per cent) of these had 
positive findings; in 17 instances (48 per cent) the lironeholith was either 
found and removed or eoughetl u)) unmediately after bronehascop.v. Li 1 
additional cose the broncholith was found but could not i>o removed. In 10 
cases the involved broncIui.s was found to he sirictured or obstructed by granu¬ 
lation tissue. 

The brotieho-scopic findings often were at first suggestive of a tumor since 
froquetitly the broncholith was buried in a flcsliy mass of granulation tissue. 
When this tissue was removed by biojtsy forceps, the lironeholith was felt or 
seen. It is e.xtremely’ important to do a biopsy on this tissue since bronoholiths 
may occur in association with bronchiogenic carcinoma. The surrounding 
mucotis membrane was inflamed, and often a largo amount of mueopundont 
secretion was dammed up distal to the stone. In 4 cases, bloody secretion was 
found to bo coming from tlio involved bronchus. In 3 instances bronchoscopy 
gave negative results. 

Once tho broncholith is removed, the broncliial mucous membrane usually 
returns to normal. There is usually no residual broncliial stricture. If bron¬ 
chiectasis develops distal to the broncholith, the bronchoscopist ivill see puru¬ 
lent secretion coming from tliat portion of the bronchial tree distal to the 
site of the broncholith. 

Tho bronchoseopic examination may’ not roveal tho diagnosis, depending 
on the location of the stone. If the stone can be seen, it usually can bo removed. 
If it is deeply embedded in an upper lobe bronchus, it may be impossible to 
grasp it securely enough to remove it. By dilating the bronchus, the broncholith 
may be coughed up after broneho.scopy’. 

Tivo complications which may occur following bronchoscopy should be 
mentioned. They arc (1) hemorrhage and (2) pneumothoiax on the involved 
side.** They are not usually serious complications. 

Surgical Treatment.—Ji the broncholith is located in a part of the bronchial 
tree that cannot be visualized by the bronchoscopist, tlie problem of a periph¬ 
erally placed indeterminate bronchial lesion confronts the physician. In 
our experience it is far safest to explore sueli a lesion early since a large per¬ 
centage of tlieso lesions have turned out to be bronchiogenic carcinomas. At 
the time of exploration the broncholith will be found, and segmental resection, 
lobectomy, or pneumonectomy may be necessaiy. 
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In the future, more and more broneholiths Aviil be found by the thoi-adc 
surgeon at the time of thoracotomy. Myers,” in reporting 4 cases of broncho- 
lithiasis, stated that in 1 of the cases the diagnosis was made when a right 
lower lobectomy was performed for intractable hemorrhage from this lobe. 
VanOrdstrand and co-workei‘s,^“ in reporting 2 eases, perfonned right pneu¬ 
monectomy for an indeterminate lesion. Before and at the time of the opera¬ 
tion, it was believed that a bronchiogenie carcinoma might be present. A 
calcified nodule was found to be obstructing the bronchus of the right middle 
lobe by exerting extrinsic pressure. Anderson and MacKay-® reported a case 
of an indeterminate lesion involving the right middle lobe. This lesion caused 
a collapse of the lobe. The bronchoscopist did not make the diagnosis at the 
time of his examination. A right middle and right lower lobectomy was per- 
foimed. At this time, 3 calculi were found in the right middle lobe. The 
calculi had originated in calcified lymph nodes that lay posterior to the bronchus 
and had eroded through its wall. 



Fig. I.—o. Area of obstructive pneumonitis in the anterior segment of the right bpp^ 
lobe shown In roentgenographlc study. A right upper lobectomy was performed, which 
an Irregular, whlUsh bronchollth in the upper lobe bronchus with marked bronchiectasis aiaun 
to the bronchollth. b. The bronchollth. 

There were 10 cases in onr series in wMch it was necessary to remove 
part or all of the lung. Nine of these represented removal of a portion or all 
of the right lung, and only 1 represented removal of a portion of the left lung. 
In 2 of these cases the broneholith had been coughed up a shoit time prior to 
operation and no broneholith was demonstrated at operation. In these 2 cases, 
a residual stricture was present which necessitated lobectomy. In both cases, 
there was marked obstructive pneumonitis in the periphery of the affected lobe. 
The location of the broneholith in the remaining 8 eases was as follows: 3 
were in the upper lobe, 1 was in the middle lobe, 2 were in the main stem 
bronchus on the right side, and 2 were in the lower lobe bronchus. In 3 in¬ 
stances there was more than 1 broneholith, while in 5 there Avas only 1 (Fig- '4)- ‘ 
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The largest broncholith nieasunKl 1.5 cm. in diameter, the smallest 0.3 cm. 
The broncholiths were more frcquentlj" wliitisb than any other color. A few 
were .vellowisli, and others were black, indicating tlie deposition of carbon 
pigment within their substance. Broncholiths usually have irregular knobs 
ou them and look much like a staghorn calculus of tho kidne}^ in miniature. 

There were uo surgical deaths in our series. Empyema developed in 1 
patient l>03topemtively, which necessitated perfonuing e.Ktemal drainage. He 
made an uneventful recovery after this operation. 

Nineteen of our patients gave a history of having coughed up multiple 
broncholitlis nonsynchronously. One patient stated that he had coughed up 
103 stones. Because of the possibility of multiple sites of origin, we feel that 
any surgical procedure directed toward the eradication of this type of lesion 
should be as conservative ns imssiblo to prc.sorve the raa.\imal amount of pul¬ 
monary function. 

Pathologic and Etiologic /'Viiltircs.—Histologic examination of the broueho- 
liths revealed no structure l)ecnusc of cellular death as the result of detachment 
from their blood supply. The general conclusion reached from tho chemical 
o.xamination of 3 broncholiths in this series is that the chemical constituents 
are about right for bone (Table I). 
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The causes of calcification in tho lung and bronchial Ijunph nodes are 
varied. The granulomatous diseases may produce calcificatiou or ossification 
in the lung and the hilar Ij-mph nodes. The most frofiuent of these diseases is 
tuberculosis. Calcificatiou or ossification is conunon in the Ghou complex, 
cither in tho periphorj^ of the lung or tho hilar nodes (Pig. 5), but may be 
seen also in the adult fonn of tuberculosis. It seems likely to us that the 
peripheral calcification from any cause is of little importance in the production 
of broncholiths bcca'use it is unrelated to a bronchus which is large enough to 
permit the nodule to ulcerate into its lumen. On tlic other hand, it would 
appear that calcareous or ossified peribronchial lymph nodes, in particular 
those associated with larger bronchi, are capable of ulcerating into a bronchus 
and eventually becoming detached. Of the other granulomatous diseases which 
produce calcification, the most noteworthy is coccidioidomycosis and histo¬ 
plasmosis. 

A second tiive of calcification (Fig. Ga) or ossificatiou (Fig. Ctb) in tho 
lung is that seen in tho elastic cartilage of tho bronchi. Cartilage is seen in 
the wall of bronchi larger than 1 mm. The process of calcification and ossifi¬ 
cation of the cartilage is unrelated to inflanunation but is, rather, a part of the 
picture of senescence. It is veiy commonly seen, particularly in older persons. 
Such calcareous or ossific plaques, when formed in the wall of brouclii, would 
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be Just as capable of sequestrating into the bronchial lumen as would lymph 
nodes which had undergone similar changes. As a matter of fact, such plaques 
in cartilage are originally in the wall of tlie bronchus wliile those in lymph 
nodes are situated outside the bronchial wall. Therefore, those in cartilage 
would appear to form broncholiths more readily by sequestration because of 
their proximity to the brouehinl lumen than woidd calcified Ijunph nodes. 

The third type of calelHcution or ossification is that seen in metastatic 
calcification. This is the condition in which “calcium salts are deposited in 
tissues previously normal but mth a tendeney to alkalinity.’’ Metastatic 
calcification of the lungs is seen in asseous disease, I'enal disease, h}q)er- 
vitamijiosis D, and hyperparathyroidism. The calcium is deposited usually 
in the peripherj’ of the lung, in the walls of blood vessels, and in the wads of 
bronchi. It seems very unlikely that this type of calcilication leads to bronebo- 
litbiasis very often, inasmuch ns it Ls found in the peripheral part of the hing, 
and such certainly has not been the case in o\ir exiierience. 

Calcification or ossification is also seen in the lung m metastatic sarcoma, 
particularly osteogenic sarcoma and chondiusnrcomn. In addition, hamartomas 
frequently show calcification or 03.sificntion. It is obvious that this bears little 
relation to the problem of broneholithiasis. Our experience would indicate that 
the first two processes, namely, ealcareotts or o-sseous change in peribronchial 
l)Tnph nodes subjacent to larger bronchi, us well as calcareous or osseous 
changes in bronchial cartilages, arc the two most important factors in the pro¬ 
duction of broneholithiasis. Of the 10 cu.scs in which tlic lung was available 
for study, ossified or calcareous cartilages were present in 9 cases, ossified or 
calcareous nodes wore present in 5 cases, and in 1 ea-se there was no calcific 
change in either the bronchial cartilage or the bronchial lymph nodes which 
were removed with the specimen. It is impo.ssible, of course, in a given case, 
to bo sure which of tlieso two factors played the important role, although in the 
5 cases in which calcareous or ossified nodes were present, it seemed to us very 
likely that the source of the broncliolith was a lymph node. In addition, in die 
2 cases in which the broncholiths were black, this also would indicate an origin 
from lymph nodes. The calcified or ossified lymph node or bronchial cartilage 
appears to act as a foreign body, and it extrudes through the bronchial wall 
into the himen. The mucosa of the bronchus at the site of the broncholith is 
raised into folds and there is subjacent inllommation and granulation tissue 
(Pigs. 7 and 8) ; as a i-esult, tlie broncholith is enmeshed so that oftentimes it 
became invisible on cursor)' gi'oss examination. It is oidy after exploring the 
narrowing of the bronchus that one locates the underl)'iug trouble. As has been 
seen in 2 cases in winch sui-gieal re.scction was performed even after removal 
of the broncholith, a permanent stricture may I’esult. The peripher)' of the 
lung in all cases allowed the condition which has been called “obstructive 
pneumonitis.’’ In this condition the bronchi arc usually dilated, the pulmonary 
alveoli and bronclii are filled with exudate, and there ore varying degrees of 
fibrosis dependent upon the time during which the obstruction has been opera¬ 
tive. This pneumonitis Ls no different in obstruction caused by broneholithiasis 
from what it is in any other t)'pe of obstruction, and it is for this reason that 
broncholitliiosls simulates carcuionin of the lung. 
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FIs. 7.—Lesions In the anterior segment of the right upper lobe. Bronchoscopy revealed 
a stenosed bronchus of the right upper lobe. A right upper lobectomy was done. There were 
multiple bronchollths In the right upper lobe bronchus, a. Anteroposterior view, 6. lateral view. 



















Fie- S (Same case In Fiff. 7).—Bronchial wall subjacent to a bronchollth. inflam¬ 

matory reaction In the mucosa of the bronchus (hematoxylin and eosin, 
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Active tuberculosis was not a feature in the pulmonary tissue under 
consideration. In only 1 ease was active tuberculosis found in the lobe. In 
this patient the results of s’uinea pig inoculation were positive. In 1 other 
case, there were giant cells and a granulomatous reaction around the ossified 
peribronchial lymph nodes suggestive of activity. 

The location of the broucholith could be identified accurately from the 
records in 28 cases. In 3, the right main bronchus was involved; in 2, the 
right-stem bronchus contained the broiicbolith. The location of the rest of the 
stones was as follows: right U])per lobe, G cases; right middle lobe, 3; right 
lower lobe, 0; left main bronebns, 1; left >ipper lobe, 2; and left lower lobe, 5. 
The right lung was involved twenty times and the left lung eight times. 

If most broucholitlis originate outside the bronchial tree in calcified lymph 
nodes, as wo believe they do, one could partly explain the location of the stones 
by the fact that there ara a greater number of Ijunph nodes associated wth the 
right lung than with the left. There are a greater number of lymph nodes 
which Ue in association noth the light upper lobe bronchus than with those 
of the right middle or lower lobe. Millert- stated that l>anphoid tissue in the 
lung increases from childhood to old age. He said tliat this increase is due 
largely to the irritation that arises from the constant inhalation of irritating 
substances. 

Follow-up .—In the group of 13 cases in which either bronchoscopy was 
performed and no orideneo of broncholithiasis was seen or in which broncho¬ 
scopy was not done because it was not thought to bo indicated, 1 patient was 
in excellent health ou follow-up study. One had had no further trouble so 
far as the lungs were concerned, but died of coi’onary occlmsion at the age of 63 
years, hvelve years after his visit to the clinic. Pour patients raised additional 
broncholiths after leaving; 1 stated that he had raised 40 stones after his visit, 
but other than this he felt that ho was in good general health. Two patients 
continued to rai.so bloody sputum. In 5 instances accurate follow-up information 
could not l)e obtamed. 

The 18 patients who were found to hove brancholithiasia at the time of 
bronchoscopy had tlie followbig I'csults: Eleven became asymptomatio after 
the removal of the broncholith. One patient regarded berseU as being in 
excellent health “except I still spit up" tliirteen years after removal of the 
broncholith. One patient, 64 years of age, stated that ho :vas in excellent health 
except for “some shortness of breath on exertion’' seven and one-half years 
after removal of a broncholith. One woman, aged 70 years, who had, firmly 
embedded in the right middle lobe bronchus, a broncholith which could not 
be removed, stated that she was n.symplomatic on our survey. Three patieiits 
in this group had poor results. One man had a good immediate result after 
removal of tlie broncholith, but his widow recently \vrote that “his hmg con¬ 
dition gradually grew worse ending in a heart attack and a hemorrhage. 
Death occurred iu tliis case ten years after the broncholith had been removed. 
One patient had a contracted left lower lobe which did not expand after a 
broncholith was coughed up after bronchoscopy. A left lower lobectomy wa,s 
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advised but the patient refused to have the operation. A lung abscess developed 
in 1 patient, Avith a metastatic abscess of the brain following bronchoscopy; 
he subsequently died. 

Eight of the 10 patients who undenvent surgical resection for broncho- 
lithiasis had excellent results. They have had no further symptoms referable 
to their lungs. In 1 patient, there developed an empyema which necessitated 
external drainage. One patient stated that she had “cardiac asthma” and 
“fluid” on the remaining lung three years after a right pneumonectomy. It 
was felt that these symptoms were due to inadequate pulmonaiy function. 

SUMMARY 

Some of the historical features of broncholithiasis are recorded. Data 
from the standpoint of its incidence, etiology, and clinical findings are given. 

A review of data on 41 patients who were seen at the Mayo Clinic because 
of this condition is presented. Twenty-one of the patients were women and 20 
were men. Seventy-one per cent of the eases occurred in the age group of 40 
to 59 years. In 15 eases the diagnosis was made on the basis of a histoiy that 
the patient had coughed up a broncholith. In 18 cases the diagnosis was made 
at the time of bi’onehoscopy, and in 8 it was made at the time of operation. 
The last-mentioned groi;p of patients undei-wmnt exploration because bron- 
chiogenie carcinoma could not be ruled out prior to operation. 

Because of the possibility of multiple sites of origin, it is felt that the 
surgical procedure directed towai’d the eradication of this type of lesion should 
be as conservative as possible in order to preserve the maximal amount of 
pulmonary function. 
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DIRCPSSION 

DR. JETROirE HEAD, Cliioago.—I have Imvu very inlereslcil in this subject for a 
number of years. Dr. ilohan and I prcsenti'tl h paper on the subject at tho Trudeau 
Society meeting in Kc\r York last June, which will l^e publplMvl in the .Inien'ma Heview of 
Tuberculosis in tho next month or so. 1 think the condition is extremely common and that 

one \TiU find it In proportion to the diligence with whudi he for it, as was stated 

in the paper. TliefO patients frwjuently do soy that they lin\e couglie<l up stones; they 
think that la more or less a usual thing with a cough and they do not say anything about 
it. Unless oue asks the patient j>pecifirally whether or Jiof he lias coughed up stones he 
often fails to rovcal the fact. Wo liad one patient who liml lirnl an atelectasis of a lobe; 
any number of doctors had examined him and *jucstione»l hin\, and when I made rounds I 
asked, “Have you ever couglicsl up anything pet-uliorf*’ Ho puilp<l ont Ids pocketbook and 
took out an envelope with about 20 stones, wliich he hod not sliowu to any other doctor—he 
had to be asked. 

This patient had stones and a cancer; the cancer had eaten into a adcified gland nnd 
free<l calciom. Most coses, of course, aro ^au^ed by tul)ennilous calcified glands rupturing 
into the bronclius. Wo Imd one cai>o recently with u typical clinical and x-ray picture of 
histlophismosia in wliicli stones woro coughed up from a calcified gland in the hilus. 

(Slide.) Dr. Mohan became interested In the anatomy of tho glands around the roof 
of tho lung and worked out this diagram; this has been dono before and his work merely 
verified what has been done previously. Tho most important gland, I believe, is No. 4 on 
the right, which is the bifurcation gland; it runs dowm along tho right-main bronchus. That 
is abMlutely constant. No. 2, No. 1 below tho upper lobe, nnd No. 3 are very important 
ones just below the middle lobe. The glands on tho loft aide aro less constant and less 
regular and it was pointed out that rui)turo into tho bronchus is rather xincommon on the 
left side. 

This is a patient in- whom tho gland at tlio bifurcation ruptured Into the right main 
broDchoa and into the esoplmgns. The patient had empyema and lung nliscoas which iiad 
broken into tho pleural cavity. This was drained; Dr. Ilolingor used broncIio.*K:opy and 
esophagoscopy, nTi«j cauterlicd the rivo openings; they healed and the patient recovered ^vitll- 
out anything but drainage of on empyema. That was many years ago and I think today 
the appearance of this complication would justify operation. 

To show how common it is, In tlio last six months wo Imvo seen 0 comw, and we have 
onder observation 3 patients at the present timo in whom we feel sure that a cxdclfied gland 
is causing recurrent atelectasis, and we anticipate that they will cough up calcium in tiie 
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near future. There is no set treatment for the condition. Most patients cough up a stone 
or two, or three or four. Tliey have an occasional spell of fever and atelectasis, the condition 
will pass away, and they have no more trouble. Operation should be done only in those cases 
in wliich there is continuing and recurring trouble. A period of rest in bed and one month 
Or so of intensive penicillin treatment will often permit the infection in the gland to clear 
up and the gland wiU heal over. Bemoval of the stones at bronchoscopy is relatively 
dangerous because of the marked tendency to hemorrhage. 

DR. EDGAR "W. DAVIS, Washington, D. C.—I have enjoyed immensely Dr. McDonald’s 
presentation on broncholithiasis. 

In this connection, I wish to report the case of a 50-year-old white man who had been 
wheezing for about two months prior to the time I saw him. A bronchoscopic examination 
was performed at which time some granulation tissue was found in the left-stem bronchus. 
A biopsy of the tissue revealed only inflammatory reaction. The following day a large 
stone and two small ones were coughed up. Tlie wheezing disappeared, only- to recur three 
months later. Another bronchoscopy was performed, revealing the same findings as on the 
previous examination. The symptoms of asthma disappeared and reappeared on two other 
occasions during the following ten months. The fourth bronchoscopic examination revealed 
a carcinoma in the right lower lobe bronchus, for which surgery was done. It has now been 
about five months since surgery and there have been no symptoms of asthma. 

There is a possibility that some of these other patients with broncholitliiasis may 
develop carcinoma. 

DR. E. E. AVERY, Chicago.—I would like to show one slide of a case from Hines 
Hospital which demonstrates the most conservative surgical management. This 32 -year-old 
patient had a history of recurrent pneumonitis over a period of several years. He bad to 
stop work every two months or so and take penicillin until relieved. The bronchogram 
illustrates the area of stricture between the right upper and middle lobes which was seen 
at bronchoscopy; it was a fishmouth type with a very narrow flat orifice which could not be 
dilated at this time. At surgery, which was performed by Dr. Langston, two possibilities 
appeared; one was to resect the middle and lower lobes, but it was felt that tliis would 
remove a large amount of good functioning lung tissue. Therefore, we decided to excise 
the stone with its surrounding fibrous tissue and attempt to dilate the bronclius post- 
operatively. Bronchoscopic dilatation was then accomplished with a very good result. 

This case is presented to illustrate the transthoracic excision of a broncholith with 
postoperative dilatation of the bronchus in an appropriate case. 


DR. A. J. GRACE, London, Out.—I slioidd like to place one case on record. This 
white woman, 36 years of age, came to me in 1946, with a history of a productive 
winter cough for twenty years, starting when she was 16. The cough had become 
persistent all the year round tliree years before I saw her, and at that time it was more 
productive of mucopurulent expectoration. Soon after that she began to bring up blood 
and had constant and repeated hemoptyses for the three-year period. The amount of bliwd 
varied from streaking up to what she described as over a cupful of bright red blood, which 
she felt came from the left side, and she had the feeling that if she exerted pressure on 
the left side it seemed to help control the bleeding. She also had for one year a history o 
very severe backache on the left side for which she had consulted an orthopedic surgeon 
and was given advice and treatment. She felt that the only factors wluch caused bleeding 
or aggravated it, were exertion of any kind, jolting or jarring during a rough ride, or 
anything of that type, and for some reason bleeding was more marked at the time of her 
menstrual periods. That fact had led a doctor elsewhere to give deep x-ray therapy to the 
ovaries—a very startling fact when we think of it in terms of the actual pathologic process 

present. 
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(Slide®,) Investigation along all tlio wital line® did not give a doflnlto diagnosl®, but 
fii tho ono slide of this chest ^TiU show, In the region of tho left liilum there i® on area of 
Increased density and some calcification. Thoracotomy revealed an area of Induration in 
the apical •egment of tho left lower lobe, with massive adhesions, indicating an old pleuritic 
process all the way round, particularly poatorlorly, no doubt explaining her back pain. Be¬ 
cause of tho fact that tho bronchograni had suggested some degree of cylindriccd bronchi¬ 
ectasis in the basal iM?ginout of tho loW, I did a left lower lobectomy. I nni glad to say that 
she made on excellent recover)’. 

The pathologic report on tho specimen dohcribed dilatation of the bronchus to the 
apical segment of the left lower lobe, to form an irregular cavity, some 2% by cm,, 
with a rough lining of granulation tissue and complete destruction of the normal opitholinm. 
cm.*^ Tho summary ^ms, '*Broncholith, chronic broncliiectosis." 

This cavity contained hard calcified dark, calculus-like moss measuring 1 by 0.0 by 0 0 

In tho last two years she has had no further symptoms and no trouble. I feel that 
this is perhaps a slightly xinusual case; I think, If I interpreted Dr. Schmidt’s remarks 
correctly, he did not have any in tho apiml segment of the left lower lobe, and the left 
side is apparently less common. It may bo noted that this patient had two calcified glands 
which were demonstrated at operation, one of which eon l>o seen in tho left hilar region. 
That may well give n clue to tho comments Dr. TTead lias made regarding etiology. 

DB, ANDRE COURNAND, New York.—I think that the rolo of tuborcnlosis in broncho- 
lithlasia should not be mJnimited. In 10.^3 with Dr. Oswald Jones we published a paper 
on ‘*The Shrunken Pulmonary Lobe With Clirooic Broncliieetasis” m whidi it was demon¬ 
strated that the retraction of a middle lobe wo® probably related to the development of a 
primary tuberculous complex in the following manner: (1) primary parenchymatous lesion; 
(S) caseous l.vmph node located around the middle lobe bronchus \vith invasion of the latter 
and secondary contraction of the middle lobe. The only 4‘liDicaI evidence of soeh a process 
is tho prcscnco of caleificntioos at the bilum, which may crentnaily be seen to protrude into 
tho lumen of the bronchus. In such a cose, vrhiclt presented a syndrome of a shrunken middle 
lobe and bronchiectasis without suppuration, the patient coughed np shortly niter bronchos¬ 
copy two small pieces of calcium, which were no longer visible on the films. Sixteen years 
later tliis man 01 yearn of age was doing very well and, on the basis of that experience, I 
wonder whether in similar cases tho lobi* should always be removed. 

Da SCHMIDT.—I wisii to thank tho discussers. I did not think it would be necessary 
to try to convince anyone in tliis group that he should explore peripherally placed inde¬ 
terminate pulmonary lesions which present the findings of obetructive pneumonitis. I 
gathered from Dr. Head’s discupsion that he woe somewhat reluctant about exploring this 
type of lesion. It has been our experience that a fairly large percentage of these lesions 
have proved to be due to bronchiogenic carcinoma and consequently we have found It far 
safer to perform exploratory thoracotomy. 

In answer to Dr. Cournand's question, it la possible for enseona tuberculous lymph 
nodes, as well as onthracotio lymph nodes, to erode Into the tracheobronchial tree. In a 
fairly large percentage of cases In which a bronchoUth baa obstructed a brondias for a long 
period of time, ono finds that broneWeetasi® has developed in that portion of tlie bronchial 
tree distal to the site of obstruction. 
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Adrian Lambert, M.D., P.A.C.S. 

New York, N. Y. 

D uring the yeai-s 1939 to 1945 inclusive, 103 operations for bronchiectasis 
were performed on 103 patients on the Chest Division of Bellevue Hos¬ 
pital. These cases have been analj'zed and grouped according to the extent of 
the disease process and the type of associated pathology to show the significance 
of these factors in the surgical treatment of this disease. 

Cases in which tuberculosis was demonstrated in the specimen removed have 
been omitted from this series. Similarly, eases in which the primary disease 
process was a lung abscess have not been included. Acute suppuration associated 
with bronchiectasis mcludes those cases which on microscopic examination re¬ 
vealed active pneumonia and acute inflammation and are differentiated from 
the group in which chronic inflammatoiy changes, interstitial fibrosis, plasma 
cell and lymphocytic infiltration with pneumonitis were present, without evi¬ 
dence of acute inflammation. Cases without acute suppuration are further 
divided into those with mmimal parenchymal changes and those showing marked 
fibrosis and chronic inflammatory reaction associated with the bronchiectasis. 
Such pathologic classification has been made to show a possible correlation with 
clinical bronchiectasis. Clinically it may be impossible to differentiate bron¬ 
chiectasis with acute suppuration from bronchiectasis with marked chronic in¬ 
flammatory changes. Our study demonstrates the importance of recognizing 
the difference in the results of siu’gery between the two groups, as well as the 
bearing that the extent of the disease has on the prognosis. 

Fifty-five lobectomies were performed on 54 patients for bronchiectasis 
uncomplicated by acute suppuration, and 30 lobectomies on 28 patients were 
for bronchiectasis associated with acute suppurative disease. Of the 55 patients 
without acute suppuration 17 had minimal parenchymal changes in the lung, 
and 38 had varying degrees of marked fibrosis, chronic inflammation, and inter¬ 
stitial pneumonitis. The remaining 21 patients had bronchiectasis involving 
the entire lung on one side for which pneumonectomy was peifformed. Of these, 
8 had pathologic evidence of acute suppuration wdth pneumonia and abscess 
formation, and 13 had no acute suppurative disease but included eases varying 
from marked chronic inflammation and fibrosis to minimal parenchymal disease. 

One patient rvith broncliieetasis underwent two lobectomies including the 
lower lobe on the left side and the lower and middle lobes on the right side. Two 
patients in the group in which associated acute suppurative disease was present 
had two lobectomies. In the first patient the upper lobe on the left side was 
removed followed by the lower on the same side; in the other the right lowei 
lobe was removed in two operations. 

Of the resections for luieomplieated bronchiectasis without acute suppura¬ 
tion 5 were for disease in the upper lobes, 31 for disease in the lower lobes, an 
3 for disease in the middle lobe. In 15 patients lower and middle lobectoni} 

Read at the Twenty-ninth Annual Meeting- of The American Association for Thoracic 
Surgery, New Orleans, La., March 29-31, 1949. 

246 



I^MIUERT; RFSULTS OF SUHQEKY IN DRONCHIECTASIS 


247 


WU3 iierfomied on tlic rij'lil, or lower lobectomy and lingulcctomy on tho left, 
and in one patient tho I'i^ht upper and middle lobes were removed at one opera¬ 
tion. 

For bronehieelasis associated with suppurative pneumonitis lobectomy was 
performed for disease in the upjier lobes in 8 eases, lower lobes in 13 cases, 
middle lobe in 2 eases. Rij^ht upper and middle lobes were removed in 3 in¬ 
stances, right lower and middle in 2 instanee.s, and right upper and part of 
right lower in 2 instances. 

Table I represents an nnnlysi.s of the mortality in the four greups in 
which lobectomy was performed in the liret two, and pneumonectomy in the 
third and fourth groups. 

The average duration of symptom.s in the fii-st gioup, that is, bronchiectasis 
uncomplicated by acute suiipurative disease, was 9.5 years, indicating that the 
disease may frcipicntly bo of long standing without manifesting .symptoms 
sufficient to bring the patient to surgical udcrvenliou. In contrast, in the sec¬ 
ond group in which broncliieetasis was accompanied by suppurative disease, the 
sjTuptoms were present for only 2.7 years. In the third and fourth groups 
in which tho disea.se had progressed to involve the entire lung tho symptoms 
were also present for a longer period in the cases in whicli no acute suppuration 
was present than in tho group in which the pioceas was mure acute. 

The ago ineideuce in uncomiilicateil bronchiectasis was ap])reoiably lower 
than in bronchiectasis with associated acute suppurative disease, regardless of 
whether the disease was limited to one lobe or oue lung. There was a higher 
incidence of patients under 30 years of age in cases without acute suppurative 
disease aud a lower incidence above 40 yeais of age, which included bronchiec¬ 
tasis in one or two lobes or involving the entire lung (Table I). 
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This table shows that younger individuals are susceptible to infection in 
the origin of their bronchiectasis. They are, however, less susceptible to acute 
pulmonary suppuration once the bronchiectasis has developed, and the older 
the patient the more likely is bronchiectasis to be associated with suppurative 
disease. 

In stating mortality percentages, operative mortality refei’s to deaths occur¬ 
ring within the first month following operation, and the term hospital mortality 
refers to all eases in which death occurred during the prolonged hospital stay 
following operation. This distinction has been made to differentiate the mor¬ 
tality directly referable to operation fi'om that which may have occun’ed in¬ 
cidental to the disease, such as brain abscess, and that may develop months after 
operation while the patient is still in the hospital, because, as frequently occui’s 
in city hospitals, he has no other place to go. 

It wHl he noted from Table I that following lobectomy the mortality is al¬ 
most t-wice as great in the group in which bronchiectasis is complicated by acute 
suppuration than in the similar group without suppurative disease. The mor¬ 
tality in these two groups corresponds directly with the incidence of post¬ 
operative fistula, pleural infection, and wound infection—in short, with the 
development of complications. It is important, therefore, in this respect to 
bear in mind the pathology as directly related to the incidence of complica¬ 
tions and hence indirectly to the mortality of resection as an operation for this 
disease. 

Table II shows the causes of death in the four groups in relation to the 
pathology present and the type of surgery performed. In the first and secoud 
groups 33 per cent of deaths were considered due to infections induced by 
secretions. In the group treated by pneumonectomy^ half of the deaths weie 
referable to secretions. It is interesting to note that in the first two groups 
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there was a similarity in the causes of death, namely, hemorrhage, immediate 
postoperative infection, and late postoperative manifestation of infection (brain 
abscess) (Table II). 

Table III presents an analysis of mortality from postoperative complications 
in relation to the operative technique. It will be seen that the incidence of 
bronchopleural fistula following lobectomy is lower in eases in wliich individual 
ligation was employed than in those handled by clamp or tourniquet technique. 
This was true in both bronchiectasis and biimchicclasis associated -with suppura¬ 
tive disease. Of all lobectomies performed in this series the incidence of fistula 
was higher (63.6 per cent) in upper lobectomies than in lower lobectomies (37.8 
per cent). In cases in which two lobes or one lobe and a segment of another 
(lingula) lobe were removed the incidence of fistula was 71.4 per cent. 

The higher percentage of fistula in this scries has subsequently been low¬ 
ered because of greater care in handling the stump, more frequent use of in¬ 
dividual ligation of the stump with plcuralizing of the bronchial stump and the 
reduction of the acute suppurative element in the lung that is to be removed 
before bringing the patient to oi)eration. 
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Pleural iufection following lobectomy in the uncomplicated bronchiectasis 
group was highest when treated by tourniquet and in bronchiectasis associated 
mth suppurative disease was lowest when treated by individual ligation. Wound 
infection was highest in all patients with suppuration operated on by both 
lobectomy and pneumonectomy, in which the tourniquet technique was used. In 
the pneumonectomy group the incidence of fistula and pleural infection ran 
parallel, as might be expected. This group represents extremely serioas cases 
in which the amount of sputum at operation averaged about 100 c.c., a reduc¬ 
tion from an average of 215 e.e. on admission. Some of these patients were so 
desperately ill that surgery was used as a last resort in an attempt to interioipt a 
cycle in which the patient’s condition not only became progressively worse over a 
period averaging six years, but he came to surgery in a condition of malnutrition, 
wasting, and chronic sepsis from which he could not recover without surgical 
intervention. These patients, therefore, constitute largely a salvage group and 
differ from those cases in which the disease had not reached the extent of that 
in the pneumonectomy group (Table III). 

These three groups were also studied in relation to the incidence of sputum 
as presented in Table IV. It wiU be noted that in the bronchiectasis group 
with acute suppuration treated by lobectomy and in the bronchiectasis group 
without acute suppuration treated by lobectomy, the amount of sputum on ad¬ 
mission was approximately the same, but in the second group it was possible 
before operation to reduce the amount of sputum to almost one-half of that 
in the first group. Also, the amount of sputum in the cases in which bron¬ 
chiectasis involved an entire lung was more on admission and at operation than 
in those in which similar disease was localized to part of the lung. Average 
sputum on admission of patients who died following pneumonectomy was 400 
c.c. daily, wlrich contrasted markedly with 130 c.c. daily admission sputum in 
the group that survived. In these cases sputum was reduced to 130 c.c. and 85 
c.c., respectively, at the time of operation. The absence of acute suppuration, 
therefore, may best be determined by the relative sputum reduction following 
preoperative treatment rather than the amoimt that is present on admission 
(Table IV). 

The practical application of this observation includes delaying resection 
until the sputum is brought to the minimum in order to reduce the acute sup¬ 
purative element as much as possible. Preoperative measures included postural 
drainage with bronchoscopic aspiration in resistant cases. Chemotherapy 
employed to reduce secretions and was determined by the type of bacteria 
flora present in cultures. Sulfadiazine was used at first; later it was replace 
b}" penicillin, as being more specific for more organisms and less toxic for the 
patient. Eecently streptomycin has been added to the specific drugs that ma) 
be employed. It is reserved for patients having predominantly gram-negative 
organisms that are streptomj'^cin sensitive. Patients in whom the organisms 
present are penicillin resistant are now treated with sulfadiazine. Patients w o 
become allergic to sulfadiazine may be treated with sulfathiazole to avoid t e 
specific sensitivity. Cases of overwhelming anaerobic infection frequently w 
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respond to oxygen therapy administered with high concentration mask so as to 
reduce the sputum and convert it from foul to nonfoul variety, that is, from 
aerobic to anaerobic flora. 

Aerosol administration of penicillin or streptomycin has been found of 
value in reducing secretions when intramuscular injection did not bring about 
a high enough concentration to affect the organisms. This may be used in con¬ 
junction with intramuscular therapy. 

The incidence of foul or occasionally foul sputum was foimd to be lowest 
in the uncomplicated bronchiectasis group, becoming progressively greater de¬ 
pending upon the presence of suppuration and the degree of lung involvement. 
In analyzing the mortality in these eases it was found that there was almost no 
difference between the percentage of deaths in cases with foul sputum and those 
\vith nonfoul sputum in simple uncomplicated bronchiectasis. With the presence 
of suppuration, however, the mortality became appreciably greater in cases with 
foul sputum, so that when the entire lung was involved the mortality was 
limited to those patients having foul sputiun. 

In a total of 106 operations on 103 patients for broncliiectasis there were 
12 deaths from various causes as explained in Tables I through IV. Seventy- 
eight of the 91 survivals were observed over an average follow-up period of four 
years, and grouped according to original pathology. 

Of the 78 cases followed, 65 were lobectomies and 13 were pneumonectomies. 
Of the 65 lobectomies, 16 patients had other lobe involvement with bronchiec¬ 
tasis. Twelve of these were not resected at a later date, and 2 patients died; 
4 had further sui’gery for other lobe bronchiectasis. Of the 12 cases, 11 fell into 
the group with chronic inflammatory changes and fibrosis without acute suppura¬ 
tion before operation, none was in the group in which minimal changes were 
found associated with the bronchiectasis, and one was in the group with acute 
suppuration. 

Nine patients had sjTnptoms from residual bronchial stump, 1 of which was 
follo\ving pneumonectomy and the others following lobectomjL The 1 pneu¬ 
monectomy patient and 5 of the lobectomy patients imderwent surgical revision 
of the stump. Three patients still have stumps from which they continue to 
have symptoms. Two of these refused operation and in 1 case resection was 
unsuccessfully attempted. Six of the 8 stumps following lobectomy^ were in the 
group in which bronchiectasis was associated before operation with acute sup¬ 
puration, and the other 2 were in the group that showed chronic inflammator) 
changes. There was no stump in the group in which minimal inflammator) 
disease was associated with the original bronchiectasis. The 1 pneumonectom) 
coming to stump resection had previous chronic inflammatory changes associa e 
with the bronchiectasis. In keeping with these observations, 7 of the 9 resi ua 
stumps were resected with tourniquet technique and 2 were divided between 
clamps. None was handled by individual ligation. This emphasizes the nn 
portance of bringing these cases to the operating table with as little suppm^^ 
tive disease as possible so that the surgeon will be able to utilize this type o 
technique. To wait until acute suppurative changes are present which deve op 
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into tlio chronic inflammatory typo with associateil fibrosis will i-esult in higher 
mortality and higher incidence of complications. Among these are listed the 
revision of a long bronchial stump as seen in 9 cases of this series. 

Sinusitis has been present in 14 cases tliat were followed postoperatively, 
and all are lobectomy patients. No patients treated by pneumonectomy were 
bothered by sinus trouble after operation. Of the 14 patients developing sinus 
disease, 1 developed positive sputum; 9 had less than % ounce of sputum a 
day; 4 had between 2 and 4 ounces of sputum a day. Of these 9 patients, 1 
had an episode of pneumonia five montlis postopemtively, 1 had lingulectomy 
postoperatively with continued sputum of 15 c.c. due to sinus disease, and 2 
had occasional flare-ups of sinusitis at whicli time their sputum increased to 
100 c.c. and 40 c.c., respectively. In both these cases the tourniquet teehniqno 
was used. Of the 4 imtients having betwi'cn 2 and 4 ounces of sputum daily, 
2 had further bronchiectasis in the middle lobe, and 2 had residual stumps 
folloiving lobectomj’ nuth touniiiiuct technique for which they refused further 
resection. 

Of the 65 lobectomies followed. 43, or 66.2 per cent of lobectomies, had 
sputum of i/o ounce or less postopcmtivel.v; 10, or 15.4 per cent, bad continued 
sputum daily of 1 ounce and more. Of these 10 eases, 4 had persisting sinus 
disease, 6 had furtlier bronchiectasis without operation, of which one was fol¬ 
lowed to her death from bronchiectasis, and 3 had stumps from the initial pro¬ 
cedure that continued to give them .symptoms. The sputum in the above groups 
is exclusive of tliose patients who developed tuberculosis. 

Of the 13 oases treated by pneumonectomy none suffered from sinus disease, 
none had significant sputum postoperatively, and only 1 had minimal sputum 
(1 teaspoonful). 

SjTnptoms of pain were present following pneumonectomy in 2 cases. In 
1 case metastatic carcinoma of the ribs developed; this patient may have had 
carcinoma of the lung although it was not noted on section at the time the 
specimen was removed and the primary- site was never determined. The second 
case was complicated by empyema and has not been seen since thoracoplasty. 
Two lobectomy patients had pain that persisted on follow-up, both following 
left lower lobectomy. One of these had a residual stump for which she refused 
further operation. 

Pour lobeotomy patients had dyspnea on exertion ivith some shift of the 
mediastinum following operation; in 5 pnenmouectomies modei-ate dyspnea was 
present postoperatively, and 2 developed scoliosis. Ten pneumonectomies re¬ 
quired thoracoplasty procedures, a total of 40 operations being performed on the 
13 patients in the pneumonectomy group foUoiving resection. Nine lobectomy 
patients ret|uired thoracoplasty, of which 4 were for tuberculosis. Of the re¬ 
maining 5, 4 had upper lobe lobectomies and the flftli had previously had an 
upper lobe lobectomy and needed thoracoplasty for the empyema that followed 
lower lobectomy on the same aide. 
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Ten patients, or 12.8 per cent of the 78 survivals follnwprl a 

ot POStoperativcly. Of this 

Of tubeieulosis in seven months and sixteen months, respectively Of 

remammg 8 m this group. 6 still have positive sputum, 3 have negati™ spll 

disease tvL uo'ted aftT ‘ developed within a year, in 4 cases the 

Sneeti^ir if w 'u r twenty-four and tlurty montlu, 

H V ^ cbsease developed in the pleural space aud the 

patient had never had positive sputum; in all the other cases tubercle bac lli 
were present in the sputum. 

sitP tuberculosis in these 10 eases had no relation to the 

in n H ^ lonciiectasis. In 1 case the right upper lobe had been removed, 

® in 4 cases the lower and 

e 01 ingula, and in 2 the lower lobe was removed; in 2 cases pneumonee- 
omy had been performed. In 6 cases the tourniquet technique was employed, 
n cases, in ividual ligation, and in the 2 remaining cases, division beUveen 
cJamps was the technique used. 

The possible mechanism of infection in these cases is worthy of considera- 
dibereulosis may have been present in the lobe removed aud 
P ea 0 t e remaining lung tissue at operation. Second, the disease may have 
een piesent at the hilura and tuberculous tissue may have been cut across at 
opera ion, us ighting up the previously quiescent disease. Third, the disease 
may lave een lighted up in the remaining lung as a result of overdistehtion 
owuIq lesectiou.^ Last, airborne or contact infection must be considered on 
seiviee w eie it is impossible, owing to overcrowded conditions, to segregate 
tuberculous patients before the diagnosis has been confirmed. 

U these possibilities, the first is the least likely. If sufficient ulceration 
Tn lung removed to cause spread, it should be noted on routine 

■ examination. That tuberculosis may' have been present at the hduin 

gges e y the high incidence of the development of the disease foUowdng 
toumiquet resection. 

7 c +i!^^ series of cases, individual ligation was less universally emiiloyed than 
pm ^ Furthermore, the extent of the disease at the hilum required the 
P yunen o the toumiquet technique. Of the 2 individual ligations, 1, n 
P which the disease developed in the pleural 

pace 0 ovying empyema and bronchopleural fistula; in the other, the left lower 

I’emoved together, suggesting division of limg tissue, 
between clamps implies the sectioning of pulmonary tissue 
c le possi 1 ity of cutting across tuberculous tissue. In 1 ease sputum became 
pom ive a ei attempted removal of the stump following tourniquet resection, 

• ^ ^ ^ sputum became first positive, then negative, then positive 

agam alter further stump excision eighteen months after the original opera¬ 
tion. ® 

(^er^stention as a factor in the development of tuberculosis was considered 
pro a e in o tie 10 cases. In 4 of these the disease developed in the remain¬ 
ing portion of the resected lung. In retrospect, after reviewing the preopera¬ 
tive roentgenograms, it is felt that 2 of the.se patients may have had unrecognized 
c ronic puhnonaiy tuberculosis, although only one had a history of previous 



LAilBERT; KESULTS OP 8UR0E11Y IX BRONCHIECTASIS 


255 


tuborciilosis. In one ease tuberculosis developed ou tbe opposite side after 
])ueumouectoniy. In tliis case cidai'gcd glands were present at the liilum at 
the time of operation but tliere was no suggestion made that they were tuber¬ 
culous; bowevor, sectioms were not taken at operation. 

Of tile remaining 5 cases in which tuberculosis developed, 3 liad residual 
stumps following operation. One cleared up with reduction of sputum, a second 
developed positive sputum after attempted resection of the stump, and the third 
developed positive sputum after resection, became negative, and then positive 
again after excision of the stump. In the first of tliese, resection was by 
division between clamps, and in the other 2 the tourniquet teehnitpie wa.s em- 
ployetl. The fourth was the pneumonectomy ca.se in wliieh tuberculosis de¬ 
veloped in the pleural space following bronchopleural fistula, nccps.sitnting mul¬ 
tiple operations to obliterate the sinus and the pleural caiuty. In the fifth case 
a tourniquet stump repair was done for resection of the left lower and lingula 
of the left upper lobe which was followed by the development of large amounts 
of sputum due to tuberculosis of the right side, developing first in the right 
upper lobe and then spreading to the other side, and to the intestinal tract, 
resulting in death five months after the disease was diagnosed by the presence 
of tubercle bacilli in the sputum. 

From the analysis of these 10 ea.scs it is evident that several factors could 
account for the development of tuberculosis following oiieration for bronchiec¬ 
tasis. All cases should be carefully evaluated by x-ray examination for the 
possibility of unrecognized tuberculosis before coming to operation. If there 
IS a suggestion of inactive tuberculosis in the remaining lobe following lobec¬ 
tomy or of the opposite lung following pneumonectomy, early thoracoplasty is ad¬ 
visable to prevent overdistention and the possible reactivation of remaining 
tuberculosis. 

These 106 operations for bconebieclnsls represent lobectomies and pneumo¬ 
nectomies done during tbe ycare 1939 to 1945. Segmental resection in this 
study was limited to cases in which the lingula of the upper lobe was removed 
in conjunction with the upper or lower lobe on the left side. In 1 cn.se part of 
the upper and lower lobes ou the right side wore removed but the modem tjqio 
of segmental resection was not emi)loycd. 

Since then segmental resection has lieen employed more frequently for 
bronchiectasis. The principle of the oiiemtion is to remove that portion of the 
lobe in which broncluectasis is present and preserve as much of the functioning 
lung tissue as possible. This implies the removal of only the diseased tissue, so 
that there will not be a lack of functioning lung tissue a.s the result of pul¬ 
monary resection, nor unnecessary removal of normal liuig for lack of any easy 
anatomic cleavage. 

The importance of the present .study of cases lies in the bearing of the pathol¬ 
ogy hi the resected lung on the postoperative course. The fundiuncntal principles 
fhat liecome obvious in these coses apply to whatever operative techui(pie Is 
employed. Control of tbe acute suppui-utive mid chronic inflammatory factors 
in bronchiectasis is us important for a segmental resection as for a lobectomy 
or pneumonectomy. Suppuration as encountered in this series represents bron- 
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chiectasis in its most serious form. The advanced stages of suppuration found 
in some of these patients implied an ignorance of the eventual outcome of the 
disease by the patient and the doctor. 

The mortality in this group, which is so much higher than in the group 
that presented no acute suppuration, does not represent the same mortality as 
for uncomplicated bronchiectasis. The surgical risk will he determined by the 
extent and type of associated suppurative disease. 

With the emphasis being laid on segmental resection at the present time it is 
well to bear in mind that this operation is done with the individual type of 
technique. It is therefore important to eliminate the suppurative factor as 
much as possible before bringing the patient to operation. As more experience 
in this type of technique has been obtained both tJie mortality and the incidence 
of complications have been decreased. 

In summary, it may be said that resection for bronchiectasis is a less formid¬ 
able procedure in those eases in which the disease is not associated with acute 
suppuration as determined hy the incidence of complications and mortality fol¬ 
lowing resection. That the incidence of fistula is lowmr in lobectomy for un¬ 
complicated bronchiectasis than in bronchiectasis associated with suppurative 
disease focuses the attention on the hilum where fistula occurs postoperatively. 
When suppurative disease is present, the hilum is involved in the inflammatory 
process to a greater degree than in simple bronchiectasis where there is no in- 
flanunation in the peripheiy and therefore no involvement of the hilum. Chemo¬ 
therapy has been of great assistance in reducing inflammation at the hhum, and 
therefore should be responsible for further lowering the morbidity and mortality 
of the operation. 

As is true of any serious disease, surgeiy is employed for the purpose of 
relieving the patient of his symptoms. In bronchiectasis this is ideally per¬ 
formed in the uncomplicated stage of the disease. If the patient has passed 
the point of ideal operability, we still feel that he ought to be given the benefit 
of surgeiy, realizing at the same time that although the risk is greater, the 
results wall be correspondingly more gratifying. 
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THE SURGICVVL TREATMENT OF BILATERAL BRONCHIECTASIS 


Fkkdkrick G. Kehqi.v, 5I.S., P.R.O.S. 

Tokonto, Canada 

A lthough the first report of bllatoral lobcetoiny for bilateral bronchicetasis 
was that of Elocsscr ui 1033, no report of any eoiisidemblo series of cases 
has appeared in the intervening years. In spite of the number of patients avaU- 
able, for one-third of bronehieetatic patients have bilateral disease, and the 
morbidity and mortality to which they are subject, thoracic surgeons appear 
to have been cautious in undertaking bilateral resection. 

In 1942 Blades and Graham rcportctl 4 bilateral resections with 1 death. 
In the same paper they mentioned 12 other cases of bilateral broneliiectasis, 
subjected to unilateral resection, with 3 deaths. jVs recently ns 1947, Bisgard and 
Swenson reported 4 successfid cases of bilateral resection, and from the litera¬ 
ture to that date, could collect only 37 further easas, with 5 deatlis. Strieder, 
Ovcrholt, Laird, and others in discussing broneliiectasis have referred to small 
groups of patients in whom bilateral resections have been done, and there have 
been a number of individual case reports. 

Because conclusions in regard to mortality rate and e-xpectation of cure 
formed on the basis of repoils of small groups of cases from various centers are 
likely to bo misleading, it has seemed worth while to study a group of patients 
with bilateral bronchiectasis, who have been treated at the Toronto Genera 
Hospital and Hospital for Sick Children, Toronto.* 

The group consists of 58 patients of whom 27 have had luiilatoral operations 
and 31 have had bilateral operations. A total of 94 excision operatious a\o een 
done on these patients, with 4 deaths, an operation mortality rate of 4 pei cen , 
and a patient mortality rate of 7 per cent. The 4 deaths aU foUowed the 
second side of a bilateral resection; therefore, in the 58 patients there has bem 
no mortaUty following operation on the first side, but in the 31 
have had excision on the second side there have been a mortality of 13 per cent. 
It is of interest that these 4 deaths occurred in the first 13 casM. By attention 
to certain technical details, which Avill bo discussed below, it as een possi e 
to complete the last 18 consecutive bilateral resections mthout a death. 

Forty-eight of the patients in the series were treated at tlie Toronto General 
Hospital. In age they varied from 14 to 43 years, with im average of M years. 
The other 10 were treated at the Hospital for Sick Children ^d varied m age 
from 4 to 14 years, ivith an average of 10 years. The 4 deaths aU occurred in 
the older group. The oldest patient on whom bilateral ^eeUons have been 
completed was 28 at the time of the second operation. The younger patients, 

„ , From me Department of Snraer>-. Onlveraltv of Toronto. the Toronto General 

oipl^ MrtiUnir of Tho American AMOclatlon for Thoracic 

„ Read at the Twenty-ninth Annu^ ot 

Viontitral Ho*pltal group were operated upon by Dr. N. S. 
Ru. .The Mtlent* In the Toronto Ho«pltal for Sick Children group by 

F‘TA5^Surn,‘‘“t!nMinmojj The nuthor U amtefol to the« .nr- 
Ceon# for pension to Include their cn*e» In the aenet 
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and in particular the children, stand extensive resection better than do the 
older group, but no definite conclusion has been reached in regard to the age 
limit for bilateral resection. One patient, 39 yeare of age, with extremely severe 
disease involving the right middle and lower lobes and the left lower lobe and 
lingula has had a resection on the right and will shortly be subjected to opera¬ 
tion on the left. 


Patients with bilateral bronchiectasis may be divided into two groups on 
the basis of the degree of involvement of the second side. The first group have 
severe or moderately severe disease of the first side, with slight or minimal 
disease of the second side. In the second group the disease on both sides is 
severe or moderately severe. The policy which has been followed has been to 
operate only on the more severely diseased side in Group 1, but to do bilateral 
resections in Group 2. 

In this series, 15 patients showed minimal disease on the second side and 
were treated by unilateral resections. Eleven now have no symptoms, and con¬ 
sider themselves cured; 3 are greatly improved, complain only of slight cough, 
and have less than 1 ounce of sputum per day. These 14 patients have a satis¬ 
factory result from their treatment, but the fifteenth patient demonstrates that 
the degree as well as the extent of the disease on the second side is important. 
She has had. a resection of the basic divisiojis and tlie lingual segment on the 
left, and a brouchogi’am shows that thei'e is no residual disease on that side. 
On the right the disease is confined to the anterior basic division, but m that 
bronchus is rather severe. The patient still has 3 ounces of purulent sputum 
per day; she vull require a resection of the involved segment. 


The second group of patients, 43 in number, have had severe or moderately 
severe disease in both lungs. Very gross disease has been considered an indica¬ 
tion for operation, rather than a contraindication, provided that the upper lobes 
with the exception of the lingual segment were health}^ These patients have 
all been improved by the first operation; sputum has usually been reduced by 
one-third or one-half, the patients have gained weight and had considerable im¬ 
provement in their sense of well-being. At times, it is tempting to both patient 
and surgeon to accept a degree of improvement and avoid the risk of a second 
operation, but as these patients are followed, some show relapse, Avith increase 
in their symptoms, and all continue to be subject to the disability and danger 
of residual bronchiectasis. For that reason, before any snrgical treatment is 
imdertaken, these patients agree to accept the hazards of bilateral resection. 

In 31 of these 43 patients, bilateral resections have been completed and 1 
others are awaiting operation on the second side. The other 8 patients have 
had unilateral resection. One patient moved to a distant part of the countiy 
after the first operation and Avas lost to the follow-up, 2 patients are so muc 
improved after the first operation that they are satisfied Avith their result an 
have carided on for seven and five years, respectively, 3 patients have re us^^ 
the second operation in spite of fairly severe persisting symptoms, and 2 o 
earliest cases, on more complete bronchographic examination of the seeon 


shoAved disease too extensive for resection. They should not haA'e been opeia 
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upon, and under tlie present rigid rule that no operation will be done until aU 
segments of both lungs have been clearly donionstnited by bronchography, they 
would not have been accepted for surgical treatment 

It is the study of tlie 31 patients who have had bilatei’al iTsections which 
iUustrates the problems in the complete surgical treatment of this disease. Fig. 
1 illustrates the resections which have been done in these patients and indicates 
the types of resection, which resulted in death. The first fataUty. in 1940, was 
seventy days after the second operation from a combination of persisting atelec¬ 
tasis and empyema on the side of operation. With the modern treatment of 
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TKlrty-ona patUarvU wltK bllataral bnonc>\l«ctasls 
■Iraatad. by bllo-tarat reftactlon,- 

Pic. 1.—A dlBcrammatlc r«pre»entaUon of tlie 31 blletoraJ resections. Tbo black areas Indi¬ 
cate tile lobes or eecmenU which were resected. 

atelectasis by bronchoscopic suction and Uie use of penicillin, this death would 
not have occurred. The second death, in 1942, was twenty-two days after the 
second resection, from a brain abscess, confirmed at autopsy. Penicillin might 
have prevented this. The other two dcatlis, in 1946, emphasize the fundamental 
problem in this type of surgery. One was twenty-eight hours and the other 
fifteen hours after the second resection and both were from cerebral anoxia 
which had been allowed to persist during the operation. 
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With dissection technique, and the use of antibiotics, sepsis, although still a 
problem is no longer lethal. Danger to life is due mainly to one factor- 
cerebral anoxia. During any thoracotomy, respiratory function depends almost 
entirely on the contralateral lung. If that lung is disea.sed, and more particu¬ 
larly if it has been reduced to a single lobe by a previous resection, the margiu 
of safety is obviously very narrow. Experience has shown that with proper 
anesthetic technique a contralateral lung consisting of a single lobe can cany 
a patient through an arduous resection on the second side provided the airway 
to that lobe remains clear. If, however, there is any' obstruction to the contra¬ 
lateral bronchus, the patient is immediately in grave danger from cerebral 
anoxia. It is to be noted that this danger extends into the postoperative period 
to the time when the remaining lung of the side of recent operation has been 
expanded and taken on adequate function. 

In the prevention of anoxia there are two general considerations—the firat 
to develop maximum respiratory function before operation and the second to 
protect that function by preventing bronchial obstruction. The fii-st considera¬ 
tion affects the choice of side for the first operation, the timing of the operations, 
the use of breathing exercises to develop function, and in particular to recover 
it after the fii-st operation; the second consideration implies certain measures 
before, during, and after operation to reduce the amount of sputum and to 
ensure that it is evacuated rapidly from the bronchial tree. 

Because, a s pointed out previously, the danger of anoxia is greater during 
the secon d resection because of the reduction o f the co ntralatel^l lung by_the 
previous lobectomy, in those cases in which there is any appreciable difference in 


t he exte nt of the disease on the two sides, it has seemed reasonable to do~'the 
l^ser resection first, so that, at the critical second operation, there will lie 
larger functioning lun^ This policy’ has been followed in the latter half of tlie 
series. 

Before undertaking the second resection, time must elapse to allow maximum 
functional recovery^ of the first side, and also to take full advantage of the im¬ 
provement in general condition of the patient. Six mouths appears to be the 
minimum interval; more commonly in this group the interval has been nine 
months to one y^ear. The importance of breathing exercises in recovering and 
increasing function cannot be overemphasized. 

Sinus disease is cleared up as far as possible before imdertaking any pa^' 
monary surgery. Before each operation every method is used to reduce an 
evacuate bronchial secretions. The patients sleep with the foot of the he 
elevated. Supervised, effective postural drainage is carried out three tiniM a 
day^ Expectorants are used if the seci'etions are difficult to raise. Penieilha 
is usually given by intramuscular injection for two days, immediately betore 
operation. Inhalation of nebulized penicillin or streptomycin, or both, has 
not seemed to have any special advantage. Finally'', thorough postural drainage 
is carried out immediately' before giving the preoperative sedative. 

Bronehoscopic suction is occasionally' done immediately before and is n* 
variably' done at the termination of the operation. All operations are perfoinm 
under intratracheal ether-oxy'gen anesthesia with endobronchial suction as m 
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dicatecl. For tlio past two yenra patients with liilateral broncliicelasia Imve been 
operated upon in the prone position, and this decreases, but does not conipletely 
obviate the danger ol a spill of mucus into the contralateral bronohn.s. 

Since the two fatal cases of cerebral anoxia in 1946, continuous observations 
of the arterial oxygen saturation have been made during the operation, in all 
cases, by means of an oximeter. It bas been demonstrated that, provided the 
contralateral bronclii can be kept clear by suction, the arterial oxygen saturation 
can bo restored and maintained by the fre(|ucnt aiiplication of positive prcs.sure. 
The greatest value of the instrument is that it indicates wlien fluwe mcnsnre.s 
are not effective, and gives waniing of tho existence of a pi jsistmg degree of 
anoxia which Ls dangerous. On two occasions the operation has been abandoiieil 
after freeing the lobe, because of inability to correct anoxin, ..ml in each case the 
operation was completed satisfactorily at a later date. Ti is tvhwc d that, vith- 
out the warning given by the oximeter, tlicse 2 case.s might have resulted in fatal 
cerebral anoxia. 

Fig. 2 illustrates the record obtained in a patient with vcip" gross bilateral 
disease during tho resection of the flist side. In spite of the prone pasition, 
as tho lung was freed there was a very heavy spill of secretions into the trurhea 
with resulting acute anoxia. The anesthetist was successful in cl .irinc the oh- 
struction by suction and following that the o.xygen level shows the usual inter 
mittent depressions and peaks duo to suction and i)o,silive ptussiire. 

Fig. 3 illustrates one of the cases in which the operation was abandoned 
because of inability to clear the opimsitc bronchi by endobronchial suction. 

In tho postoporativo period every effort is mode to keep the bronchi clear 
of mucus and to obtain rapid e.xpansion of the remaining lung on the operative 
side. Tho foot of tho bed is kept elevated, the patient tunicd every hour during 
the day, overj' second hour during the night, and ])eisundeU to cough after the 
judicious use of sedatives, fixpectorunis are used. .'Itelectasis of either side is 
watched for constantly, and if it occurs is treated by immediate bronchoscopic 
suction. Closed drainage is used in all cases for two to four days, supplemented 
by pleural aspirations as indicated. 

In this period tho margin of safety in the i-cspiratory function is exceedingly 
narrow. Success depends on constant supervision by well-trained nuraing and 
rc.sident staff who can recognize trouble and act iiuickly. Unless this supen-Lsion 
is available these patients should not be operated upon. 

It is by tho application of all tho measures described above that it has been 
possible to complete the last IS bilateral i-esections without a death. 

In this group of patients the i-esult of treatment must be asses-sed in rela¬ 
tion to relief of sjnnptoms and in terms of respiratoiy function following treat- 
•Bent. In regard to tho former, an assessment should not be made until one year 
has elapsed after the second operation, because in some patients there is residual 
cough which slowly improves, while in others, after initial improvement there 
may bo some degree of relapse. Of the 31 patients, 27 have survived. One, when 
last seen, a few months after the second operation, was weU, but since then 
has been lost to the follow-up. Right patients have lieen ojjeratcd upon too re¬ 
cently for final assessment. Of tho remaiuiug 18, 15, or 83 per cent, have no 
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cough or sputum, have no abnonnal signs in the chest, and are not subject to 
more than the average number of colds or chest infections. The other 3 patients 
are much improved but still have cough and a small amount of sputum. In all 
these patients the improvement in general condition and decrease in morbidity 
is striking; they are an exceedingly grateful group. 

Time in Minutes 


lO £0 30 40 50 60 to 20 30 40 so 60 lO 20 30 40 50 



Fig. 2.—Oximeter record of first operation on E>. S., 23 years of age, severe bilateral 
ease, right middle lobectomy with resection of basic segments of lower lobe in prone _ 

Upper line Indicates normal arterial oxygen saturation, the lower line the oximeter reaai b 
T he black area indicates the arterial oxygen unsaturation. P.P. indicates positive pressu 
Note short period of severe anoxia due to obstruction of the trachea by mucus, after tne i i» 
was freed. This was overcome by repeated suction and positive pressure. 


A remarkable thing about these patients is that none has volunteered a com¬ 
plaint of shortness of breath, although most will admit to shortness of breath on 
exertion. None is uneiriployable because of respiratory disability. One man, 
who has only his upper lobes, without the lingula, has gained forty pounds and 
is doing fairly heavy work as a steel Avorker. Another man is a crane operator. 
The others are all doing light work, chiefly as offiee workers. The first patient 
in the series, now aged 35 years, who between 1934 and 1936 had tourniquet re¬ 
sections of the right loAver, left lower, and right middle lobes in three stages, eac 
followed by empjmma and fistula, has earned her living since as an office worker, 
has no cough or sputum, states that she is not conscious of any disability, an 
last year survived pneumonia. Another patient, a woman aged 21 years, w 
has her upper lobes only, developed severe hyperthyroidism ivith a basal meta 
bolie rate of plus 84 per cent one year after the second resection. Even wi 
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this incrensed metabolic mtc she showed no unusual shortness of breath. She 
was prepared wnth propylthyroui'acil, operated on iu the usual way, and made 
a good recovery. Tliesc clinical observations appear to support tlie broucho- 
spiromctric observations of Kay, Meade, and Huglies wliich demoustrated that, 
provided ehest wall and diaphragmatic function is good, the o.vygen absorption 
foUouTng lobectomy may be essentially noniiai. Tlie place of bi-eathing e.-reraises 
in regaining this good function is again .stressed. 


Time in. Minutes 



Fi*. 3.—Oximeter record of first operation on R. C.. 16 year* of ag^ severe bilateral 
reaectlon of right lower lobe In lateral poaltlon. Repeated auction followed by poalUve 
prcMuro waj uneucceeiful In correcting anoxia- The opBrauon waa abandonod and the cheat 
^t*ed- The reaectlon woj lucccaafully completed twelve days later. 


Although function after these extensive resections is remarkably good, it is 
natural to attempt to save all healthy lung. On 13 occasions a partial lower 
lobectomy was done; in 11 of these all the basic segments were resected ivith 
preservation of an apparently healthy superior segment. Eight of these resec¬ 
tions involved the left lower lobe and were combined with a resection of the 
lingual segments; the other 3 involved the right lower lobe and 2 of them wore 
combined with a resection of the middle lobe. Tiiese 11 operations were per¬ 
formed on 10 patients, 1 girl having had bilateral segmental resection of the 
basic divisions. 
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After the 11 operations there were only 5 good recoveries. Tn the other 
6 there were 2 empyemas, 1 persisting fistula without empyema, 2 clotted hema- 
thoraees, and 1 ease in which there was incomplete expansion of the superior 
segment, in spite of repeated bronehoscopie suction and pleural aspiration. Four 
of these 6 patients have developed bronchiectasis in the retained dorsal segments; 
1 has already been resected and the other 3 will probably recpiire resection. 
These 4 patients are included in the group of patients who have been treated too 
recently for final assessment. 

Because of the high incidence of pleural complications and the tendency to 
develop bronchiectasis, segmental resection of all the basic divisions vuth pres¬ 
ervation of the superior segment alone has been abandoned, although resection 
of individual basic segments is still pimeticed. 

SUMMARY 

Fifty-eight patients with bilateral bronchiectasis have been treated sur¬ 
gically, 27 by unilateral resection and 31 hj'^ bilateral resections. Ninety-four 
excision opeimtions have been done on the group with 4 deaths, all of which 
occurred after an operation on the second side. 

Fifteen of the patients showed marked disproportion in the distribution of 
the disease, in that on the second side the disease was slight. These have been 
treated by unilateral resection, with satisfactory result in all but 1 patient. 

The remaining 43 patients showed disease which was severe or moderately 
severe on both sides. Within certain limitations staged bilateral resection is 
recommended for this group and has been carried out in 31 patients. 

The hazards associated with surgical treatment have been discussed. It 
has been pointed out that of these cerebral anoxia is the most important, and 
that it is more likely to occur during or immediately after operation on the 
second side. Methods wdiich have been used to prevent anoxia have been 
described, including the use of an oximeter during operation to provide an 
accurate method of following fluctuations in the ai’terial oxygen level. 

In 18 of the 27 patients who have suiwived bilateral resection, the final 
result can be assessed. Fifteen are symptom free and all of them show re¬ 
markably little evidence of decreased respiratory function. 

The practice of segmental resection of the basic divisions of the lower 
lobes, with preservation of the superior segment, has been abandoned because 
of the high incidence of pleural complications and a tendency to the develop¬ 
ment of bronchiectasis in the previously healthy superior segment. 
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DISCUSSION ON “the RESULTS OF SURGERY IN DRONCUIECTASLS’' BY DR. ADRIAN 
LAMBERT,* AND “THE SURGICAIj TRE,VTMENT OF B1L.VTERAL BRONCHIECT.VSLS” BY 
DR. FllEDFJlICK O. KEROIN 

DR. WILLIAM E. ADAilS, Chicago.—My remarks have to do cJiiefly with the manage¬ 
ment of hilateml bronchiectasis. I think Dr. Korgin biLs given us an excellent presentation 
of the problem Involvcil. I heartily agree with the principles tliat he has onipluislxed that 
must Iw observed in management of the^o initients. A number of years ago Dr. Graham, in 
reporting on an extenaivo bilateral reMiCtlon for broachiectosis, brought up the qaestion with 
how little lung function is life compatible. I think in his case he had resectetl both lower 
lobes, tho middle and the lingula of the left upper. Since that time considerable has been 
Icametl regar<ling tho management of kuppumtlre diseases of the lung. 

I would like to review briotly our experience with these bilateral cases. (Slides.) This 
fli>t enso was a woman, 28 years of age, who hml had blluti'nd bronchiectasis for a number 
of years. This was iKjforo bi'gmental n*>.ectiou was practiced, and in her ease we resected 
both lowijr lobes, the riglit middle, and the lingula of the left upper. Tho next slide shows 
a mleroKopie section through one of the lobes Involved and I might point oat that making 
these large nderoseopie sections routinely hos brouglit out evidence of tul^rcolosis in a num¬ 
ber of cases which would olhcrwlw.* have been ovcrlookeil in the sniullor sections. 

Tlie second case was a mnn in his early .10’s who. as you enu see, has bronchiectasis 
of the lower lobes, tho right ralddio and the liugntu, all of whioli are completely collapsed; 
in addition, the lower [tart of Iwih upper lobes is remarkably emphj-sematous. Tlds patient 
represents tho moat cxlensivo rorectlon we have carried out; it included both lower lobes, 
the lingula, the right middlo and a portion of the upper lobes. This patient had a vital 
capacity of nroand 3,700 c.c. in spite of tho fact that he lind only the upper two lobes 
functioning. Following operation roontgenographic appearance of the Inag was about the 
same as before with tho oxcoptlon that tho diaphragms were bomewhat elevated; leas dyspnea 
was experienced tliau before operation. 

Uere is the microscopic section of ono of tho lobes, which illuhtrates tho type of disease 
present. 

In revioiring our oxporionco with these eases, there were 80 in which operation was 
done for bronehiectusis, .32 of the 60 boing bilateral. Of the 32, in 14 the resection was 
completed and, nnljke Dr. Kergin’ s experience, our main difficulty was following the first 
stage. The two b^nUive deaths occurred in 2 of these biiateroi cases following tiio first 
operation. There were no deatl\8 following the second operation. Of thej>e 14, 10 ore on 
activity, a number aro earning their living working a full day. Of the 14 there were 8 
Women, and 5 have gone through normal pregnancies. This is evidence tlmt tlicse patients 
are not necessarily pulmonary cripples following bilateral resection. In view of the fact that 
at the present time we can use segmental resection in selected cases, we ore ablo to do them 
a great deal of good, 

DB, JOSEPH GORDON, Roy Brook, N. T.—My discussion is rather a departure from 
tho things that have already been said; I should like to pass on to you some information 
wldch is perhaps generally known bot which has been helpful to me because of its presenta¬ 
tion in familiar graphic form. We all know tlint tho pulmonary arterial tree parallels the 
broaehial tree very closely, os has been shown many times. Bo much Is this so, tliat even 

•Sec Paso 241 for arUcle by Lambert- 
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in disease processes which involve the lung it usually involves the bronchial tree and the 
pulmonary arterial system as well. The notable exception of this, however, is in bronchiecta¬ 
sis, and these illustrations I am about to show have helped me to understand the pathologic 
findings and the disturbance of the pathologic physiology in cases with bronchiectasis. 
(SHdes.) 

In this slide you see the familiar pattern of a normal bronchogram; the illustration 
on the right is an arteriogram showing a normal pattern except in the basal portion where there 
is evidence of emphysema. The pattern of the pulmonary arteriogram is similar to that 
seen in the bronchogram. During the past seven or eight years we have undertaken at Bay 
Brook the study' of both surgical and post-mortem material by this method of contrast 
roentgenography. Keeping tliese two normal patterns in mind the next slide shows an 
arteriogram with most of the smaller vessels gone. On the right there is marked obliteration 
of the arterial tree in the presence of extensive disease and is even more so with thoracoplasty 
on the left. In the lower left comer you see the small divisions of the arterial tree showing 
a relatively normal pattern, contrasted with marked obliteration of the remaining portion 
of the tree and in contrast with the previous slide. 

In the next slide there is evidence of the usual dilated bronchi in the bronchogram shown 
on the left in the presence of the atelectatic lower lobe; on the extreme right the contrast 
medium is in the pulmonary’ artery. In spite of extensive bronchiectasis because of bronchial 
involvement, there is a normal pulmonary arterial pattern. The middle picture shows the 
superimposed bronchogram in the presence of the arteriogram; there is e.xtensive bronchial 
involvement in the bronchogram, with no evidence of the third and fourth order of the 
bronchial tree. But in the arteriogram the pattern is normal, showing all the small arterial 
divisions. In the next slide you see again a similar contrast. This is an excised bron- 
chiectatic lobe, a postexcisional bronchogram on the right showing very' extensive bronchiecta¬ 
sis. In contrast to this, however, the arteriogram in the region of the disease is normal. This 
explains to me the reason for the disparity between anoxia in the patient with broncluectasis 
as contrasted with the patient who has more marked pulmonary tuberculosis, and still shows 
no evidence of oxygen desaturation. Under exercise, as Dr. Counmnd pointed out yesterday, 
the perfusion of the lung increases to a great extent. Here is a lung that is being perfused 
because it has a normal pulmonary arterial system in the presence of a lung that is so 
damaged that it cannot be oxygenated. Under exercise the patients become more markedly 
desaturated as contrasted to the tuberculous patients. Tliis explains to me also the urgency 
of doing operation on young patients because they are chronically anoxic, when if allowed 
to go on it leads to some of the difficulties of operation later in life. There is chronic anoxia, 
failure of development, cyanosis, clubbing of fingers, and hemoptyses. 

DR. R. M. JAKES, Toronto, Ontario .—1 would like to say that I believe the concept 
which Dr. Kergin has presented with regard to management of bilateral bronchiectasis is 
sound, and to call your attention to the fact that in the last tliree years there has been no 
mortality. I believe his suggestion, and it was his originally, that the lesser side in some 
cases should be operated upon first, is also sound, in that it leaves a sufficient lung for 
adequate ventilation during the second stage, and anoxia during and following operation, 
certainly in our experience in recent years, is the greatest hazard the patient faces. 

I should like particularly to caU attention to the type of bronchogram developed by 
our department of radiology. I do not know how generally spot films are being used; spot 
films similar to those being used in gastrointestinal roentgenology. (Slides.) This ^ ^ 
ordinary posteroanterior and lateral film of the bronchogram of a normal lung. J- 
are additional spot films, which we now employ in all cases; they are taken when it i3 
observed under the screen that tlie segments it is desired to outline are filled. I thmk if y^l 
had time to study those you would see that they enable you to visualize every indivi u 
segment of the bronchial tree. 
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Tlicie have been a great comfort to us ami have enabled ua to approach operation upon 
these patients with complete certainty that wc knew the total extent of the diaeoiie. 


WlIJjIAit LEKS, ^Vnn Arbor.—I should like to interject t^vo main points, one 
with regard to the use of antibiotics in preopemtive preparation of tlieso patients. In Aoti 
A rbor for a number of years we have found that the aerosol or nebulixntlon of penicillin 
Bolntion has, os Dr. Kergin mentioned, not been of too much value in preoperative reduction 
of foul sputum. In contrast wo have used intmbronchial instlUation of a solution of penicillin 
and havo found this to be of great value. This was brougiit to mind by tlie reports in 1&45 
and 1946 that penicillin solution in vitro was bomewhat more effective against certain organ¬ 
isms than it was in vivo and the bronchi in bronchiectasis are nhiii to test tabes. To date 
wo have continued to uso this as the motliod of clioice. iloro recently we have used crj*stalliied 
penicillin or the inlmlation of finely divided crystals. 1 would like to give a word of caution 
here inasmuch as two patients that I liave obsen'ed, and three others reported to me by the 
dermatologists at the University Hospital, have suffered severe ulcerative stomatitis and, 
Uicrofore, I think we should bo careful In recommcciUng utUiiation of the miero-cr^'stals of 
penicillin as a routine. 

The second point I would like to mention is something which occurred to us about one 
year ago; that is, the difficulty which all thoracic surgeons have with tho upper lobe of the 
*'down lung*^ side. In tho use of the latoml decubitus position with tlie patient placed 
In tho Trendelenburg position, the upper lobe is the usual catch basin for all secretions, 
whether it be a tuberculous or nontuborculoos lung. It occurred to us that perhaps wo 
should uso the reverso Trendelenburg )>ositioo or, if yon will, Fowler's position, inasmuch 
os wo all know the inherent difficulty la attempting to plaeo even a vertebmted suction tip 
Into an upper lobe bronchus for bronchoacopic aspiration of secretion*. However, even if the 
secretions do flow into the otlier side In the reverse Trendelenburg position, they will bo 
caught by the lower lobe and ono can then insert tlie suction tip into the individual seconaury 
branch bronchi. This hna been done in only six cases to date, and may prove to be better 
than the Trendelenburg position. 

DR. D. H. ■\VATECUA.N’, Knoxville, Tenn-—There are two or three items that I be¬ 
lieve deserve some comment; one Is the uso of spot films mentioned by Dr. Janes. I heartily 
concur, but would also like to point out the tromendous advantage of posteroanterior stereo- 
bronebogroms. Dr. Duane Carr, I believe, has advocated this techniciue for some time. 

Our experience >vith aerosol administration of penicillin has apparently been better than 
that reported by other clinicians. In broncliioctntic patients wo have usually combined it 
preopemtively with intramuscular penicillin, so possibly the true benefit is difficult to evalnato. 

The third point I should like to mention regards the occasional patient who develops 
additional bronchiectasis following adequate excision of all demonstrably involved tissue. 
Very little has been written on the subject, yet occasional coses are encountered. We have 
had 5 in our series. Two have been diabetics, 1 of whom was a situs inversus who had, we 
felt, a congenital bronchiectasis. In bis case wo had done a left lower lobectomy, which would 
have corresponded, of course, to a right lower. Ho later developed definite bronchaectasifl 
in the left middle and upper lobes and required excision of the re ma ining portion of that 
lung. We had another boy with right lower lobo saccular bronchiectasis with an entirely 
normal bronchogmm of the right middle and right upper, who after right lower lobectomy 
developed severe bronchiectasis in the right middle lobe and the anterior inferior division 
of thfl right upper necessitating further excision. We have had 2 others in whom the left 
lower lobe and lingula, were removed, and who subsequently developed bronchiectasis con* 
tralatemlly in the right middle lobe. In another in whom the left lower lobo was removed 
leaving an apparently normal lingula, later lingulectomy was necessary. 

la dijcuasing tke etiological fartoni that may be book of wme of thoM lecorrent 
bronchlectaaea, I boliove we have to taka into account that tliere may bo »omo indivldnals, 
Bach aa (liabeticB. who quite posaibly huTO a predilection to tho formation of bronchiectaaiB. 
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Associated sinus disease that has not been thoroughly controlled certainly may play a part 
in later development of broncliial damage. Chronic bronchitis, which always accompanies 
bronchiectasis, and which is not adequately treated following lobectomy may also conceivably 
be an etiological factor. Associated supparative disease with its attendant difficulties, as 
mentioned by Dr. Lambert, may occasionally be to blame. In postoperative complications 
I would like to call attention to two or three things of possible etiological significance. One 
is the fixation of the chest wall that frequently results after lobectomy and that may be 
largely avoided by going in intercostally rather than by resecting a rib. In this regard, 
we feel that the restoration of normal chest wall function is very important following resec¬ 
tion. Another causative factor may be the fixation and elevation of the diaphragm that 
often follows lower lobe lobectomy, and another may be the displacement of the renmining 
lobes with consequent kinking of the bronchi. Overdistention of the remaining lobes nught 
also be a factor—we have seen bronchial dilatation occur subsequently in these overdistended 
emphysematous lobes. Dr. Kergin pointed out some of the measures that suggest them¬ 
selves in correcting these etiologjeal factors; certainly postoperative breatliing exercises are 
of real importance. 

We feel that this particular group I have mentioned is one that deserves our careful 
attention. In spite of the excellent results we are obtaining with lobectomy in bronchiectasis 
we must recognize that there are occasional patients who will develop further bronchiectatic 
changes. 

DB. DEBYL HAET, Durham, N. C.—In repetition of something said before tliis Society 
last year, I would like to mention in the matter of control of secretions a factor wliich aids 
in oxygenation during operation and may tend to limit the .spread. This is some work done 
by Dr. Moody on my staff in developing a method of occluding the bronchus. When he wanted 
to work on this problem I suggested that if he could make sometlring to fit into the bronchus 
that was of the nature of a cat ’s-paw, to protrude small claws when he wanted them protruded 
and could retract them when he wanted to withdraw it without danger of scratching or 
■ irritating the trachea or bronchus, that he might be able to keep it in place. This has 
■ Dved very effective in controlling the secretions from the lobe, it stays in position very 
satisfactorily except in the presence of extensive granulations where, in making the teeth 
short enough so they will not protrude through the bronchus, they may not be deep enougii 
to take hold of very extensive granulation tissue. He can insert this into the bronchus of 
the lobe to be resected, air can be aspirated giving atelectasis of the lobe if it is not alreadj 
totally atelectatic, and during the manipulation of freeing the lobe it prevents secretions 
from getting into the bronchial tree and trachea, thereby simplifying greatly the problem 
of the anesthetist in keeping the airways open. After the lobe is freed and just before the 
bronchus is clamped, the balloon is collapsed, the teeth retract, and in the same second 
that this takes place the bronchus is collapsed so that if secretions had not been aspirated 
continuously during the manipulation, that are retained in the bronchus or caught by squeez 
ing the bronchus with the finger, the instrument is withdrawn. 

I simply present tliis as a method of aiding in keeping the trachea free during opera 
tion and of preventing the spread of secretions to other parts of the lung. 

COL. JAMES H. FOBSEE, Denver.—The recording of large series of patients with 
bronchiectasis treated by surgical means is significant because the splendid results from 
surgical management are not yet thoroughly appreciated. We would like to record the ex 
perience at Fitzsimons Hospital during the past tliree years in the management of unilatera 
bronchiectasis by lobectomy in a series of 164 patients with one deatlu The mortality figures, 
however, are not alone the important figures. In the military service, in particular, we bare 
the problem of returning patients to service. Some few years ago it was almost 
practice to retire officers and discharge enlisted personnel who had had a lobectomy 
bronchiectasis. During the past eighteen months we have had only one empyema deve op 
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foUowin^f lobectomy for bronchicctaala, und it U bcldooi indeed that on officer ia retired or 
an enliited indlvidunl is discbnrged with a certificate of disability because of the surgical 
removal of one lobe for broncbicctosia. 

I would particularly like to congratulate Dr. Kergin on the splendid preseutation of 
bilateral lobectomies in bilateral disease. 'Wo have not been quite aa entUualoatic, we will 
say, In that our number of biUitcml lobectomies have been very few. 

DB. LAMBEET (closing).—I would like to mention two points in cloaing; one is 
that I consider brondilectoaU a progressivo disease, not in so far that it involvea the bronchi, 
but in BO far that the pulmonary tissue associated with the bronchus will bo further damaged. 
Tho second point is that in this series I reported there is such a high Incidence of complica¬ 
tions and mortality that tliia group ropreseats a group tlmt arc extremely ill, and also repre¬ 
sent tho cases tliat wo did earlier in our cxpcrionco with resection. Witness tlie fact that the 
early cases had almost no individual ligations and wo were just beginning to do segmental 
rejections in the later cases. Now, of course^, segmental resection ia almost univorsally em¬ 
ployed on our service. 

I feel tlmt It la important to determine the amount of broncluectasls present before 
resection is undertaken. Wo have not been able in homo cjises to appreciate exactly whether 
the bronchiectasis will develop following (uigulution of a lobe tliat remains or a segment 
that remaina, or whether it was present originally. I feel that the methods of Dr. Janes 
and some of tho other disca&sors, particularly the method of Dr. Gordon in tho arterial 
injection, would be of value, although we have not trie<l tliat. 

This Ls a very dlscoumging group of cases and when I summarised them I was omared 
at the amount of tuborculasis that develoited. I do not know exactly bow to account for it. 
r feel that tho mortality was high, l>ut I feel thut, considering the type of patient we 
were dealing with, tlmt tho ultimate result would have been fatal had surgery not been 
employed, 

DR, KERQIN.—There is little that I wish to add. I am glad Dr. Adams stressed 
the remarkable degree of function following these very exteiuiive resections. It seems to 
us that the degree of function dei>ead8 not so much on the amount of lung left aa upon the 
excellence of function of the chest wall and the diaphrugm. It is because of our desire 
to protect that function tlmt wo have been diBturl>ed about these serious complications follow¬ 
ing our preservation of tho superior segment. 

In. reply to Dr. Waterman, we linvo boon fortunate and we have not seen fresh bron¬ 
chiectasis develop on the opposite side in any of this group or in our unilateral cases. We 
have seen bronchiectasis develop os a compliration on the side of operation when there was 
difficulty with the lung upon which operation liml been done, chiefly in maintaining a clear 
bronebuB and In overcoming postoperative ntelectasls and infection. 
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Los Angeles, Calif. 

T horacoplasty is toda}^ a widely employed surgical procedure to arrest 
pulmonary tuberculous lesions. We utilize tlie modem thoracoplasty opera¬ 
tion as desci'ibed in 1925 and 1937 by Alexander,^ and in 1933 by Carter^ and 
by 0 ’Brien.® Our aim in performing a thoracoplasty is to bring about a selec¬ 
tive collapse of diseased lung with a minimal interference in respiratory 
physiology. 

The cases analyzed in this paper represent a consecutive series of thora¬ 
coplasties performed in the Los Angeles Sanatorium in the 33 mouth period 
from January, 1945, to September, 1947. This group comprises 56 cases, the 
latest of which is at least 6 months since its surgery. Our series is a small one, 
and the eases are comparatively recent. We have tried to analyze the clinical 
and pathologic factors involved and the early response to surgical coUapse. 

In the 56 cases, 170 stages of thoracoplasty Avere performed. Our surgical 
procedui’e is the posterolateral approach, as developed by the previously men¬ 
tioned authors, in which the greater part of three ribs are usually removed at 
the first stage, and variable parts of hvo ribs at succeeding stages. Transverse 
processes are removed below the first rib to obliterate the costovertebral gutter. 
Anesthesia has generally been local infiltration with Novocain except in the fii^st 
posterior stage, where nitrous oxide oxygen is given. In a selected group of 
cases we have found it advantageous to do a preliminary anterior stage. This 
group comprises the older patients and those with constitutional factors who 
are expected to respond poorly to the operation. It serves to test a patient s 
ability to tolerate surgery, especially those who fear the operation. The mild 
postoperative course of the anterior stage increases the patient’s confidence m 
his ability to withstand the other stages. We have obseiwed no untoward re¬ 
tention of sputum and the results have been generally good. 

All of the patients were Avhite. There were 39 men and 17 women. Ages 
(Pig. 1) ranged from 25 to 61 years. There were 18 per cent between 25 and 30 
years, 34 per cent between 31 and 40 years, 35 per cent between 41 and 50 years, 
and 12.5 per cent between 51 and 61 years. The majority of our cases, 69 per 
cent, were in the 31 to 50 year age group. Our group is approximately 10 yeai's 
older than that reported by Aufses'* and by Meltzer.’ By classification of dis 
ease, 33, or 59 per cent, of our patients had far-advanced disease, and 23, or 
41 pei'cent, had moderately advanced disease (Fig. 2). These are average find 
ings. Meltzer’s'* cases give a liigher degree of far-advanced disease, namelj 
75 per cent. The duration of disease (Pig. 3) we calculate as the time hiterva 
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JOURI^Al, OR TIIOUACIC SURGERY 

beUveen the diagnosis and the sm-gery. Porty-eight pei- cent c 97 
disease irom 1 to 5 years, 27 per cent from 6 to W j-ears lie! „ 

11 to 15 years, and 12.5 per cent from 16 to 23 years One !, !' " 

standing disease than is reported by others. Anfscs' out'ifTo"'' 

68.8 per cent of his eases between 1 and 5 vears T?’„° „ . i. . ’ 

10 years, and 10 per eent over 10 years. Jlew' t 

per cent having their disease 1 to 5 years, 20 per cent 6 to °in ’ 
per eent over 10 years. “■> » 

iV* om cases 



havp filletof our patients avIio become candidates for thoracoplasty 

Status tracings, among other tests, to determine their cardiac 

eleetrncarrK “derested in finding out how those with unfavorable 

ttr?"f thoracoplasty. By unfavorable tracings, 

Dulmonntp ” showiug e\ddence of myocardial impairment or cor 

nearcfl to h such cases were approved for surgery because they ap¬ 

peared to be clinically suited for the operation. 


RESULTS 


We have tabulated the results according 
Tuberculosis Association. By these standards, 
on 56 eases: 


to the standards of the National 
we submit the following results 


39 cases 
10 cases 

3 cases 

4 cases 


70% 

18% 

0% 

7% 


Arrested^ 

Quiescent 

Unimproved 

Dead 


dallj', r “cen^fy'^^had f capacity of 6 

gastrectomy. ^ tne result of a stormy postoperative course after 
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lu studying tlie resulLs of thoi'ocoplnsty nucording to age, we foimd that 
the groups of patients lietweeu 25 and .20 yours and between 31 tuid 40 years 
gave almost the same results—about 80 per eent arrested (Pig. 1). The group 
over 40 years showed 60 per cent arrested, whieh we eousider good for this age 
group. The surgery was borne well by them. Zuelke, Adams, and Bloch" re¬ 
ported 68 per cent arrested among 32 patients between 40 and 65 years of age. 

AVithin the group of far-advanced disease, 21 cases or 63.6 per cent were 
arrested, 6 coses or 18.2 per eent beeame quicseeut, 3 or 9.1 per cent did not 
imi)rove, and 3 patients died (Pig. 2). Among the moderately advauced dis¬ 
ease, 18 eases or 78.3 per cent were arrested, 4 or 17.4 per cent were quiescent, 
and 1 patient or 4.3 per cent died. Signiftcaiit we think are the results accord¬ 
ing to duration of disease (Pig. 3). llivil results, a-s wmdd he e.Tpeeted, are in 
the group whose disease has been pre.sent between 1 and 5 years. This group 
of 27 cases shows 77.7 per eent urre.sted. Next be.st to this group \<re were sur¬ 
prised to find is the one of long-standing diseasi>, 16 to 23 years. Out of 7 cases, 
71 per cent were arrested. AVhat is more remarkable, all of the cases improved. 
There were no fatalities. AV'hile a few eases make percentages difficult to 
evaluate, we think the.se findings are nnexpcetedly good. Our results thms 
differ from those of Aleltzer" who fonnrl a decline in good results with older 
disease, eapeeiully after 10 ,vears duration. Such a group showing favorable 
results from surgery after 16 to 23 years of tul)ereulosis are a naturally select 
group. They are the patients with "good chronics" who have themselves been 
able to limit their disease. 

AVe divided the entire serii>s info two age groups (Table 1)—those up to 
and iucludiug 40 years of age. and those above 40 years. AVe found the two 
groups had almost the same distiil ution of age of illsease. This is a factor 
that is peeidiar to our material. Our sanatorium, being a national institution, 
draws upon patients from all parts of the eonutiy. AInny have tmme here after 
having been therapeutic failures elsewhere. Some bad been refused surgery 
for various reasons, others had tiot followed the cure advocated, hod refused 
the operation in tlio post, and have bad a change of heart several year’s later. 


T.\B1e I. DURA-noS- OP DISUVSE *B DIKTBIDUTEn AilOXO TOU.N’aEU AND OUJIR PATIENTS 


DUEATION OP DiaSASE 

iT0 5 
YKAKS 

UTO 10 
YEARS 

11 TO 15 
YEARS 

10X0 23 
YEARS 

Pntienta belo\T 41 years of 
age 1 

14 

y 

3 

3 

Patients 41 years and 
above 

13 

0 

4 

4 


The 14 patients whose eleetrocnrdiograpliie trnciugs showed eAddeuee of 
myocardial impairment were studied for the extent of surgery tolerated, the 
complications encountered, and the conversion results achieved (Table II). 
It Avill ho noted that tliere is uo relation between the muuber of riljs removed 
and the cardiorespii’atory'complications found. A total of 40 stages were per¬ 
formed on this group. There were four complleation.s that could be attributed 
to a weakened heart, one case of cyanosis and dyspnea of three days duration, 
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Table II. Effect op Thoracoplasty on Patients With Electrocardiographic Evidence o? 

Myocardial Damage 


extent of surgery 

complications 

SESDLTS 

3-rib ant. and post. 2 stage 

Cyanosis, dyspnea for 3 days following 1st stage 

Arrested ~ 

4-rib ant. plus Monaidi drainage 

No cardiorespiratory complications 

Died (OA) 

5-rib, 1 ant., 2 post, stages 

Dyspnea following 2nd posterior stage 

Quiesceal 

2 post, stages 

No cardiorespiratory complications 

Arrested 

2 post, stages 

Limited bronchiogenic spread 

Arrested 

6-rib, 2 post., 1 ant., revision 

No eardiorespiraiory complications 

Arrested 

1 ant., 2 post, stages 

Mild decompensation following 3rd stage 

Arrested 

7-rib, 3 post., 1 ant. stages 

No cardiorespiratory complications 

Arrested 

3 post, stages 

No cardiorespiratory complications 

Arrested 

3 post., 1 ant. revision 

No cardiorespiratory complications 

Arrested 

3 post, stages 

No cardiorespiratory complications 

Quiescent 

3 post., 1 ant. stage 

Mild degree shock after 2nd stage 

Arrested 

3 post, stages 

No cardiorespiratory complications 

Quiescent 

7th rib plus revision 

No cardiorespiratory complications 

Arrested 


another case of dyspnea of a short interv'al, a case of mild shock, and one of 
mild deicompensation in a person known to have rheumatic heart disease. The 
onlj' other complication was a bronchiogenic spread. The cardiorespiratory 
complications are 10 per cent of the 40 operations performed (Table III). We 
consider this a low figure. None of the complications resulted in a fatal issue, 
nor were the eventual results of sputum eonvei'sion affected by them. Of the 
14 cases, 10 or 71.4 per cent were arrested, 3 or 21.5 per cent are quiescent, and 
1 patient died of carcinoma. These results are equal to the percentages obtained 
for the group as a whole. From this study it therefore appears tliat successful 
surgery can be completed in cases which are clinically suited for the operation, 
but where the electrocardiographic tracings seem forbidding. 

Table III. Results in Thoracoplasty on Patient.s With Electrocardiographic Evide^'TE 

OP Myocardial Damaoe 


Total number of patients_1'^ 

Total number of stages_10 

Number of cardiorespiratory complications 

attributed to cardiac condition_“t 

Percentage of operations affected by 

cardiac complications __10% 


Conversion Sesults 


Total cases II 

Number arrested 10 (71.4%) 

Quiescent 3 (21.5%) 

Dead 1 ( 7.1%) 


VTTAX, CAPACITY LOSS 

The cases were analyzed with reference to loss of vital capacity follovvmo 
thoracoplasty. The results are so unexpected that we are presenting them 
briefly for this reason .(Table IV). It will be seen that there is a smaUer aver 
age loss in the 8 rib thoracoplasty than in the 5 rib, and that one patient vvi 
a giant cavity lost 100 c.c. in a 7 rib thoracoplasty, where another lost 1, 
e.c. with the removal of only 3 ribs. We think that vital capacity measinemeu s 
are unpredictable and should not be made a basis for selecting cases for surger} 
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Table IV. Vital Capacity Lobs Accoiiding to Extent op Suegikt 


_i 

3 

lUB 

& 

BIB 

u 

am 

7 

RIB 

8 

RIB 

Extreme* of vitnl 

;:uo-40o 

200-1200 

200-1200 

100-1200 

100-800 

capacity loss 
ATorage loss 

333 

(ICO 

370 

000 

533 


PHniAllY va DEIAYED THORACOPLASTIES 

Of the 56 coses, 13 wei'e primary tJioracoplasties and 41 ivere delayed 
thoracoplasties. We defiue delayed thoracoplasties as those performed follow- 
lug previous reversible eollaiise measures. Two cases were revisious of original 
thoracoplasties whicli had been done elsewliere. As we will see by Table V, 
primary thoracoplasties give a liighcr incidence of arrested cases, 77 per cent 
as against 68.3 per cent for the delayed gi-oup. In this matter we agree with 
Adams and Dufault' who advocated thoracoplasty as an elective procedure 
where it will appear to do the most good without wasting time on measures that 
do not hold out much hope of aucces.s. Everyone recognizes that the majority 
of patients submitting to thoracoplasty have had one or more “reversible” 
methods of collap.se applied in which the complications were often serious and 
the end results not so reversible as one might wi.sh. A thickened, rigid pleura, 
a residual empyema pocket will interfere with satisfactory collapse. Frequent¬ 
ly a crushed phrenic nen-e fails to regenerate. Eighteen of our patients have 
thickened pleura, some to a marked degree. Three of these had encapsulated 
fluid, 12 had obliteration of the costophrenic or cardiophreuie angle from an 
old efliuaiou that had complicated a pneumothorax; there were 16 paralyzed 
diaphragms, 11 right and 5 left; in 23 coses the trachea and mediastinum were 
displaced to the side of disease, in 3 cases to the contralateral side. These in¬ 
fluences on the physiopathology of the thoracic cage did not favor a good col¬ 
lapse. It is surprising indeed that the modern thoracoplastj^ operation does 
give good results in the face of such obstacles. 


Table V. A Coufabibon Between the Rksolts in Pbiuabt Thobacoplabties and in 
TnoRACopnisTiES roLLOWiNa Peetioos Heveesible Collapse Measobes 



NO. OP 
GASRB 

ARBEBTO) 

QUIESCENT 1 

UNIUPflOVED 

DEAD 

■t^riniary thoraco¬ 
plasties 

I^^yed thoraco¬ 
plasties 

Heriaions 

13 

41 

o 

IG ( 77%) 

28 (63.3%) 

1 ( 30% ) 

1 ( 7.7%) 

S (19.5%) 

1 ( 50% ) 

1 (7.7%) 

2 (45%) 

1 (7.7%) 

3 (7.4%) 

Total 

56 

39 ( 60% ) 

in ( 18% ) 

3 ( 59(. ) 

4(8%) 


P.VTHOLOQY 

Twelve patients had unilateral disease (Table VI). Ten of these cases 
were arrested after surgery and two became quiescent. That is 100 per cent 
improvemeut in the unilateral group. Of the 44 patients with bilateral disease, 
29 or 66 per cent of tbo cases were arrested, 8 or 18.2 per cent became quiescent, 
3 or 6.8% were unimproved, and 4 or 9% of the patients died. 
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Table VI. .Results According to Distribution of Disease. 



no. of 

CASES 

arrested 

QUIESCENT 

UNIJIPROVED 

DE\D 

Unilateral 

disease 

12 

10 (83%) 


•- 

— 

Bilateral 

disease | 

44 

29 (66%) 


3 (6.8%) 

4 (9%) 

Total 

.56 

39 (69%) 

1 10 f 18%) 

3 ( 5% ) 

4 (8%) 


We have attempted to classify ouu patients by type of pathology to study 
the effect of thoracoplasty. We realize there are difficulties in any such clas.si- 
tication. Few cases present one pathologic picture not complicated by another. 
We have divided them (Table VII) according to the most important problem 
in each case. Two-thirds of the first group, fibrotic or atelectatic lobe with 
cavity, Avere arrested. This is not remarkable since this type is expected 
to respond best to surgical collapse. Those Avith tension cavities and eAudence 
of bronchial disease Avere all improved. We did not expect such good results. 
The group in Avhich bronchiectasis Avas the main feature associated Aidth 
small cavities also gave favorable results. Of the 4 giant cavities all were 
converted except in one patient Avho died of cancer before the surgery^ could be 


Table VII. Results According to Ta'pe of P.^thology 


PATHOLOGY 

NO. OP 
CASES 

ARRESTED 

QUIESCENT 

UNIMPROVED 

1 

DEU) 

Cavity in fibrotic or ate- 

i 22 

14 

4 

1 


lectatic lobe (no resist- 






ing bronchial disease) 

1 





Tension cavity with dem- 

7 

5 

2 



onstrable bronchial 






disease 






Tuberculous bronchiectasis 

5 

4 

1 



with cavitation 






Giant cavity 

-1 

O 



1 

Cavitation with atelec- I 

o j 

1 

1 

1 


tasis of entire lung 1 






Caseous pneumonic dis- 

13 

10 

o 



ease with cavitation 






Pulmonary tuberculosis ' 

1 



1 


with mixed empyema 




— 

-- 


Table VTII. Giant C.vvities 


CASE 

NO. 

SIZE OF CAVITY 

AMOUNT OP SURGERY 

17 

5 by 11 Vs cm., depth from 
sternum to spine; occu¬ 
pies all right upper lobe 

4-rib anterior stage, 
Monaldi 

22 

5 V 2 by 9 cm., from clav¬ 
icle to 4th anterior rib 

4-rib anterior stage; 

7 posterior ribs plus 
eavernostomy 

36 

7 by 9 cm., right upper 
lobe 

3-rib anterior, Monaldi; 
7-rib posterior 

51 

13 by 4% cm., occupying 
all left upper lobe 

8-rib posterior 


results__ 

Dead; bronciograicCA 

with metasteses 


Converted 6 weeks after 
last stage; arrested 


rieu 7 niontlis f^ter 
stage; arrested 

ty closed with 3rd 
ige, converted 1 j 

tir 3rd stage: arrested 
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uonipleted. In two cases of cavit 3 ’' and atelectsBis of tho whole lung, one was 
arrested and one became (luieseeut. One patient with pulmonary' tuberculosis 
and a mixed emp\'emn hud convei'sion of the sputum but is unimproved uow 
aiuee tho wound broke down after a complete thoracoplasty. Thirteen cases of 
caseous pneumonic disease with cavitation arc grouped together. Tlie giant 
cavities occupied all or most of a lobe (Table VIII). Surgery was not com¬ 
pleted in tile first patient. In the second, closure was with a -I-stage thora¬ 
coplasty followed by a caveriiostomy. In the tim'd, closure was with the aid 
of a iloualdi, and the resection of 3 anterior and 7 posterior ribs. In the lost 
case, a cavity occupying the entire lobe, closure and convei'sion were wth an 
S-rib posterior thoracoplasty. 

We ore pleased \ritli our results on giant '’avitics. Excluding the first 
case that was lost to us because of a nontubereulous disease, the three remain¬ 
ing cases were converted. Shapiro and Muntz," who had excellent results m 
their work on old-age patients, showed le.s.s favorable results with the giant 
cavities. Out of 8 cases, one was converted, 4 noncouverted, and 3 patients died. 
Meltzer^ reported 60 per cent conversions among tlie giant cavities in his series. 

COilPUl'ATlONS 

Of the 56 patients, 30 cases had no complications, and 25 cases had 34 com¬ 
plications of which 24 were surgical (Table IX). Tbe deep wound infectious 
involved the muscular and subcutaneous tis.sues. In no case were tubercle bacilli 
cultured. Btapbylococeus was the usual organism grown. There have been no 
wound uifectioiis witliiu the past 3 'car of this series. This is in part duo to 
the use of penicilliu i-outinel}' aud also to employment of finer suture material. 
Five cases developed effusions that re(]uired aspiration; some of these were 
serous and some had variable amounts of blood. Two of these resulted in wound 
separation with delayed healing. There were two cases of shock. These re¬ 
sponded rapidl}' to intravenous infusions. A transient pneumonitis disappeared 
in 16 dajTj rocnteuographically, and ma^' have been an autotuberculiniration. A 
spread showed complete absorption in four months. The pleural tears were 
small uud both were closed at the time of surgery. A moderate amount of sub¬ 
cutaneous emplo'seina followed one of them. The atelectasis followed the first 
stage of collapse of u giant cavity of the left upper lobe with spillover into the 
lower lobe. Bronchoscopj" was doue on the patient a few following the first 
stage and the secretions were aspirated permitting aeration of that lobe. The 
case of cardiac decompensation was hi a young man known to have rheumatic 
heart disease. lie had a blowing sj'stolic murmur on admission and had had 
Qu attack of auricular fibrillation before surgery. A riglit pneumothorax wos 
unsuccessful and a tlioracoplnsty was planned. He witlistood an anterior aud 
two posterior stages woll, but three weeks following the second imterior stage 
he had an aoute episode of fibrillation with heart enlargement aud some de¬ 
compensation. For this reason the plalnied third stage had to be abandoned. 
This patient has since had negative s];|UtHm for the past eight months. The 
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Horner’s syndrome followed an apieolysis. The enophthalnms disappeared in 
four months. There were four cases of dyspnea, one of which was know-n to be 
asthma, the othei-s, unexplained. The tachycardia appeared twice in the same 
patient. The two mental reactions are included onlj'- because we think it signifi¬ 
cant that some patients react in this way following surgery. This is to be 
expected since mental instability is frequently encountered in most groups of 
tuberculous patients. The depressive stage cleared up in a few weeks. The 
paranoid condition was an exacerbation of a previously diagnosed sdmophrenia. 
This cleared up a few months after surgery. 


Table IX. Complications Following Surgery 


Deep wound infection 

G 


Superficial wound infection 

1 


Excessive wound effusion 

5 


Wound separation 

2 


Ecchymosis around wound 

1 


Shock 

2 


Transient pneumonitis 

1 


Spread of disease 

1 


Pleural tear 

2 


Subcutaneous emphysema 

1 


Atelectasis 

1 


Cardiac decompensation 

1 


Homer’s syndrome 

1 


Asthma 

1 


Dyspnea (unexplained) 

3 


Tachycardia (same patient) 

2 


Eeaction to penicillin 

1 


Reactive depression 

1 


Paranoia 

1 



34 

— 


STREPTOJIYCIN 

Nine patients received streptomycin therapy (Table X), 8 in connection 
■with surgeiy and one 18 months foUoAving an unsuccessful thoracoplasty when 
tracheobronchial disease was discovered. The good results in the first ease listed 
in Table X can be certainlj^ credited to streptomycin. This patient had devel¬ 
oped an acute tuberculous pneumonia on the same side for which surgerj’' was 
planned. In addition she had a specific lai’jmgitis and tracheobronchitis. She 
was extremely toxic, registered a temperature of 103° F., and her condition ap 
pearcd critical. On a course of 2 Gm. of streptomycin daily, she made a re¬ 
markable improvement, the symptoms abated, and the lesion became stabilized. 
A three-stage thoracoplasty was then performed. The patient made an un 
eventful recovery. The dramatic change brought about in this patient under 
streptomycin is very impressive. It is liighly probable that without strepto 
mycin she would not have survived the fulminating disease. Certainly s 
Avould not have been made ready for surgery. 

In two cases streptomycin was given as protection during collapse of cavi 
ties in patients with low vital capacities. It accomplished its purpose m o 
of these cases. In one of these conversion lasted for tliree months foUowiUo 
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surgeiy. She died oue month later, and a post-mortem showed a large cavity in 
the superior segment of the right lower lobe. The other patient who had a 
tension cavity and a borderline vital capacity, weathered the surgery without 
incident, had conversion, and the condition is now arrested. Two other cases 
had streptomycin for surgery on tension cavities. Both did well and conver¬ 
sion took place. A bronchiogenic spread was controlled in one case (it might 
have been controlled without the drug). One patient, who showed poor resist¬ 
ance to the disease, was given a course pidor to surgery. While no spread 
developed the sputum was not converted either, but this must be attributed to 
incomplete surgical collapse of the cavity. One patient received it in connec¬ 
tion with a cavernostomy followng snrgery. The sputum was converted and 
the disease was ai'rested. 

Seven eases of the 9 showed some form of compUcatiou. The dizziness 
persisted after cessation of treatment for several weeks. None of the compli¬ 
cations was permanent. 

A study of the time relation between surgery and sputum conversion 
shows that results in 25 of the 40 eases that had conversion (62 per cent were 
made negative wdthin one month of the surgery. Six, or 15 per cent, had con¬ 
version fi'om one to two months later. Four or 10 per cent from 2 to 4 months, 
and 5 or 12 ^^ per cent converted between 7 and 13 months. The reasons for 
nouconversion are listed by cases (Table XI). Bronchiectasis, thickened 
pleura, and tracheobronchial disease account for some failures. Spread of dis¬ 
ease and incomplete surgical collapse for the others. 


CASE NO. 


10 

14 

17 

15 
25 

32 

33 
40A 
41 

45 

47 

50 


Table XI. Reasons for No-VcoNratsiON of Sputum 


_ reason ___ — - 

Numerous multilocular cu\'ities below the main cavity, five weeks between ea i 
stage. 


Spread of disease to left apex , . ^ 

Extensive thickened pleura, pleural pocket above partially collapsed lung 


surgery, tracheobronchial disease 
Died from CA before collapse could be cfEected 

Failure of cavity to collapse, probably due to atelectasis of right upper lung 
Failure of cavity to close 

Incomplete collapse of cavity ,-„fPction 

Numerous cavities, bronchiectasis; delay of .second stage, due to wounu 
Incomplete collapse following revision r 2 col- 

Tracheobronchial disease and broncliiectasis; persistent cavitation following 
lapse 

Bronchial stenosis; atelectasis of left upper lobe 
Broncliiectasis; incomplete collapse of cavity 

Numerous calcifications in region of cavity nreventing adequate collapse_ 


DEATHS 

There were 4 deaths in aU. 

The first death (first ease of the series) was an anesthetic death. ^ 

The second patient died of anoxia a few hours after the third stage o 
right thoracoplasty. Autopsy findmgs revealed no surgical cause of 
Collapsed cavities were found in both apices. The one in the left was collapse ^ 
bv artificial pneumothorax. There was a thick pleura on the left, w’ith i ^ ® 
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pleuritis, and old lieuled mitral endocarditis. It is felt that the pneumothoroi 
iiuolving’ tlio emphysematoua left long caused great strain on the respiratory 
reserve. Preopemtivc broiichospiroinetry might Imve caUed our attention to 
the low respiratory reserve of the contralateral lung in which case surgeiy 
would have been withheld. 

The third patient died of auuxia months following surgery. Autopsy 
revealed bilaterally adherent pleura, emphysema, and residual cavity in the 
superior segment of the right lower lobe. The cardiorespiratory reseiwe was 
too low to survive the surgery. 

The fourtli coso was that of a giant cavity for which an anterior stage 
and iloualdi drainage were completed. The jiatient bcgim developing patho¬ 
logic fracturea in the extremities. Further investigation revealed a rapidly 
enlarging bronchiogenic enreinomn. In the face of all this the surgical collapse 
of the carity had to be abandoned. 

SUMMARY 

We have presented an analysis of 5G consecutive cases of thoracoplasty per¬ 
formed at the Los. .tVugelcs Sanatorium in a mouth pcricKl. The material Is 
of interest in that it represents a relatively greater proportion of old patients 
and those ^rith loiig-stnndiug diseases. Some decided to have surgical collapse 
done after refusing for many yeni-s. 

In review it cau be stated: 

1. Tlie younger patient has a better chance of having tbe disease arrested 
with thoracoplasty tlinii the older one (80 per cent below 41 years of age; 60 
per cent above 40 yeni's of age). 

2. The extent of disease iias a direct bearing on tbe results of collapse. 
The worst group, far-advanced disease, gave 63.C per ceut arrested. 

3. Where the disease is between one and five years* duration the best re¬ 
sults may be expected. Our .study .shows tJint the group where disease has been 
present betw'ccn 16 and 23 ycai*s did next best and the results were better than 
either the 6 to 10 year or 11 to 15 year groups. 

4. Patieuts \vith stabilized electrocardiographic eridenco of myocardial 
damage, but who appear to be clinically suitable for siu’gery, may be expected 
to tolerate staged thoracoplasties surprisingly w’ell with few complications at¬ 
tributable to the heart condition. The convei'siou results ai’e as good as for the 
noncardiac cases. 

6. Primary thoracoi)lasty gives better conversion resulls than delayed 
thoracoplasty, 77 per ceut agaiust 68.3 per cent, and is to bo preferred especially 
ill the middle and older age group. The complications following “reversible” 
^llapse procedures may jeopardize the I'cault.s of a thoracoplasty". 

6. A study of the resulls of collap.se on different types of lesions leads to 
no conclusive findings iu our series. However, the teiLsioii cavities were aU im¬ 
proved. Of the patients with giant cavities (occupying all or most of the lobe) 
nil whose surgery could be completed had airesteel couditioihs. 
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7. Most complications -were of a minor nature and have had little influence 
on the final results. 

8. Streptomycin has been used with gratifying results. Its greatest use¬ 
fulness in connection with surgery, it would appear, is to prepare patients 
with tracheobronchial disease and those whose surgery must be delayed be¬ 
cause of a recent spread. In doses of 1 Gm. daily, it is well tolerated. In 
higher doses complications are frequent. 

9. Our results out of 56 cases are 39 cases or 70 per cent arrested, 10 eases 
or 18 per cent quiescent, 3 cases or 5 per cent unimproved, 4 eases or 7 per 
cent dead. 

Of the four deaths one was of a nontuberculous natui’e. Of the remaining 
three, one was an anesthetic death; the other two patients died of anoxia, one, 
early after surgery, the other, late (4% months). 
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Case 3.—A SO-ycsnr-old nmn \vns ^nt to us liy his gonentl pmctitioncr l)emttsc of eiodn- 
tivo ploarisj'. IIo Imd dullnrss nnd suppressed vesicular brcnthinp al>ove the riglit lower loi>c. 
The man did not feel ill. He Imd no fe\-er nnd the soilinientation rate amounted to 10 mm. 
On the examination lH?fore the roentpen screen, there appeared to he only a vcri' slight 
quantity of liquid; the dullness was enosed by the fact that the dinphmgm was a hand- 
breadth too high nnd did not move. 

It will perlmjrt not l>e surprising that our thoughts turne^l to a bronchostenosis, resulting 
in atelectasis nnd high position of the diaphmgnL Bronchowopy revealiHl nothing exceptional, 
nor did bronchography show any occlusion. It did appear, houT?ver, that the lower lol>e was 
far too small. This was especially obvions on the latenil photograph (Fig. 3). Tlie upu-nrd 
displaced dlnplimgni had compressed the pulmonnrj' tissue around the Ijnsol bronchi nnd the 
lower part of the middle lobe. The ui>pcr IoIm*, however, was completely normal. Also the 
apical segment of the lower lobe revealed no clmngcs, except in the lowermost part. With 
difficulty 20 c.c. of pleural liquid were nsplnitoil nnd tuljorclo bacilli •.vcrc cDlti\‘ntcd from It. 
A strict rest euro urns prescril)e<l. After ten weeks neither plij’sicnl nor x-my examination 
. revealed any anomalies. The lower lobe lind completely re expanded. 



Flc. 4. 

Case 4.—A 27-j-eilr-oW hmd Imil Imd o cough for a fortnight; he uni, short of hrenth 
sud had a pain in the right aide. Jn the right lou-er lobe there ivuj dnllne«« and aupprersed 
veaicular breathing. -Emmlnatlon before the roentgen Mreon showed tlie diaphragm to aland 
a handbreadtli too high nnd to move but littlt Again tliere wna a Tory sranli quantity of 
fluid containing lymplLDcjica. Tiio cultnre* remained steriie. Henction to Pirqnct’s test was 
'rathiy positlTC. Tlio temperature rnried between 92* and W" F., but \rns normal after no 
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more than three days. Sedimentation rate was 36 mm. Bronchoscopy showed no anomalies. 
The bronchograms revealed that the pulmonary tissue around the basal bronchi had been 
compressed, and that there was a filling of onl 3 ' bare bronchi. This is apparent from the 
lateral x-raj' film (Fig. 4). The lower lobe had collapsed (compression-atelectasis), the 
lower part of the middle lobe was also slightlj' reduced, but the upper lobe had a normal 
size and was in its usual place. The man remained in bed, and he rapidly recovered. After 
six weeks neither physical nor x-raj- examination revealed anj- anomalies. Sedimentation rate 
was 2 mm. Lipiodol was introduced once more and it appeared that the lower lobe had 
normallj' re-expanded, as is visible on the lateral roentgenogram (Fig. 5). 



• /' Fig. 5. 

Case 5. —Our advice 'was asked for a 31-year-old woman, who had been confined thrrt 
months earlier. On the ninth postpartum day she had suddenly' developed a pain m 
right side. She had a tight feeling in the chest but did not expectorate blood, nor have a 
swelling of the leg.. However, in view of these conditions, a pulmonary embolus must be co 
sidered. The general practitioner soon found a massive dullness. Once more the sympto’n 
were: the diaphragm a handbreadth too high, hardly mo'ving, and in the pleural 
a very small quantity of fluid. In this fluid Streptococcus viridans vns found. ^ 
bronchography was performed, the upper and middle lobe appeared normal. Of the 
lobe only the first dorsal segment was anatomically normal, the rest of the lower 
collapsed, due to the diaphragmatic pressure. Six weeks later the lobe had retume 
normal. 
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Tho same sjTnptoms wore observed by iis in one patient wlio had had pneu¬ 
monia, and in anotlier wlio liad undergone a rest cure for a tuberculous pleurisj'' 
on tho loft side. Suddenly he developed a pain on tho right side and a tight 
feeling in the cliest: ho had a high position of the diaphragm. AVhen bron¬ 
choscopy was performed (do Ornaf) no occlusion of a large bronchus was found 
After two weeks the situation liad clcaitid. 


Flc. 6. 



Fig. 7. 

We have described patients suffering from a temporarj' paresis of the 
diaphragm. This may he caused by a process above or under the diaphr^. 
What causes the paresis wo do not know. It is plausible to tliink of an inflam- 
matory process of the diaphragm: a diaphrag^atitis. 
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One might think that the collapse of the lower lohe resulted from the fact 
that the other lobes had Ijeen fixed bj’’ the pleurisy. We were, however, able 
to demonstrate that the same lesions are present in the patients 'noth high position 
of the diaphragm after operations of the gall bladder. 



Fig. s. 


Case 6. —A 35-year-old woman liad Ijeen operated upon for cholelitliiaais. She prove 
to have a recurrence. At the second operation no stones were found. There were, ho'veve , 
notably many adhesions between liver and stomach and colon, which were loosene . 
days after the operation the patient had a tight feeling in the chest and both 
the diaphragm were too high (Fig. 6). After a few daj's the left diaphragm was 
again (Fig. 7), but the right half was still too high. When the woman had 
recovered from the operation, a lipiodol filling was applied on the right side (de 
where once again the largely collapsed right lower lobe was visible. This 
clearly on the lateral roentgenogram (Fig. 8). It can be noted that the basal bronc 
closely packed and were crowded toward the back. The middle lobe was not filled. 
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The dinphrngm coiilains many blood vessels and Ijonph vessels. It is 
plansiblo to think tliat an inflammaton" proco.ss in the lower lobe may also attack 
the diaphrapmatic pleura, and that thu.s the inflammation may leach the dia¬ 
phragm itself. A similar c.xplanation might be accepted for the cases after 
operations on the gidl bladder—an inflammation of the bed of the gall bladder 
reaching to the diaphragm. Owing to the operative trauma or the inflammation, 
fillers of the phrenie nerve may he damageel. Proof for this pathogenesis we do 
not have; it is a theorj’, no more. The po.s 8 ibilit 3 ' of a reflex has been proposed, 
but it is difficult to imagine that a high position of the diaphragm due to a reflex 
can continue to e.xist for a pcrioil of weeks. 

It is a moot point whether a eciiain change in pressure works on the lung 
locall.v (Tendeloo) or spreads cfiuallj' over the whole lung. This problem is of 
the utmost importauee for pulmonarj’ phj'siologj'; for example, is there an equal 
or an unequal pulmonarj- ventilation? It is also very important for pulmonary 
pathologj', which in the Netherlands was pointed out especially by Tendeloo 
(location of pulmonarj- diseases). In this connection the ficquently applied 
operative eoUapac thcrapj- should be considered. Should a local or a general 
effect on the lung lie expected from it? From our cases it apjiears that a lesion 
of the diaphragm works chiefly locally: fhe upper and niidJJc lobes remain in 
their places, whereas the main lower part of the lower lolx- and sometimes also 
the lower part of the middle lohe ate compressed. It is clear that the reduction 
of the lung is achieved all but completely at the expcn.se of tlio parts of the 
lung situated near the diaphragm. 

Wo also often found a similar restricted influence on the lung in space fill¬ 
ing processes in the thorax, as large tumors, pleural c.vudate, and thickening. 
The bronehograms are in this instance often almo.st the same, showing a com¬ 
pression onlj- of the ncighhoiing parts of the lung. 

The bronchi in fhe compressed parts of the lung show a tj-pical picture. 
The same was observed in cases of pulmonarj- compression due to large medi¬ 
astinal tumors and in affections of the pleura. Only the larger ramifications 
are filled jvith Idpiodol; w-e call if a "naked filling.” The bronchi are pusherl 
together and have a cnrled-up appearance (Figs. 3, 4, and S). This resembles 
bronchiectasis, but after expansion of the lung the bronchogrem is perfectlj- 
nomial (Fig. 5). It is impoiiant to know this picture. 

SUMIIARY 

A clinical picture is descrilied, characterized by a temporary high position 
of the diaphragm. Various causes are pointed out; all patients had an inflam- 
matorj- process near the diaphragm, situated cither above or below the diaphragm. 
Perhaps one should speak of a diaphragmatitis. Bj- means of bronchography it 
was made clear that the high position has a verj- restricted influence on the lung; 
onlj- the basal parts collapse, and on the upper lobe no influence can be deter¬ 
mined. This question is probablj- vei-y important for the physiologj- and 
pathology of the lung. 



TRANSPLEURAL MUSCLES 


Lane Allen, M.D. 

Augusta, Ga. 

I N THE course of a routine laboratory dissection, in a Negro man 60 years of 
age, a unique anomaly was found in tlie right pleural cavitjL The anomaly 
consisted of two muscles lying in the oblique fissure of the right lung (Pig. 1). 
The medial of the two muscles arose from the sixth rib one inch from the verte¬ 
bral colurmi and inserted into the central tendon of the diaphragm just beliind 
the caval opening. The lateral of the two muscles took origin from the sLvth 
rib three inches from the vertebral column and inserted into the extreme lateral 



6^^ rib 


--Eparterial bronchus 


Transpleural muscles 


--Pericardium 


vrA? 

Phrenic nerve 




Pig. 1.—The superior and middle lobes of Uie right lung have been removed to show anoma 
transpleurELl muscles In the obUque Assure. 

Prom the Department of Gross Anatomy, University of Georgia, School of Medicine. 
Received for publication July 2G, 1948. 
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aspect of tlie central tendon. The muscles measui'ed approximately six inches 
in length, their bellies making up almut one-half the length. The bellies Avore 
slightly less than one-half inch in diameter. The tendons M-ere tliin and pearly 
and lay within well-tlefined shcatlis which were condensation of loose fibrous 
tissue which covered the muscles and stretched between their tendons. 

The origin of the nerve sui)i)ly was not found, having been stripjjed away 
in the course of the student dissection. .Stained section showed a preponderance 
of nen'cs in the lower portion of the muscles. This suggests that the nerve sup¬ 
ply was phrenic rather than intercostal. 

A careful search was made for associated anomalies but none were found. 
The possibility was considered that the fibrous sheath of the muscles was a part 
of an interlobar septum, but adhesions from an old ideuritic proce.ss made this 
impossible to determine. 

It i.s of intere.st to speculate ns to why similar anomalies have not Irecn re¬ 
ported prernously. Aside from its undoubted rarity we can only suggest that 
such a structure ns described here might Is* mistaken, without close studj', for an 
adhesion, ns wo first supposed it to Ire. 



NONSPECIFIC GRANULOMATOUS (REGIONAL) ESOPHAGITIS 

R. II. Fhanklix akd Semvyn Taylor 
Londok, England 

T he intrathoracic causes of d 3 ’sphagia in the adult usuallj^ fall into one of 
three main groups: cardiospasm, neoplasm, and stricture following swallow¬ 
ing of a corrosive. More reeentlj’’ interest has been taken in spasm or stricture 
associated with peptic ulceration of the esophagus.* 

The three patients described here appear to fall into a different category 
and the investigations fail to show any association with tuberculosis, sj-pliilis, or 
peptic ulceration, nor had any- of them swallowed a corrosive. A feature com¬ 
mon to all three patients appeal’s to he the jiroduction of a nonspecific granu¬ 
lomatous lesion in the esophagus. 


CASE REPORTS 

Case 1.—C. M., a 52-j'ear-olcl man, lind a history of progressive dysphagia extending over 
a period of tliree monttis. Tlie difficulty' was first noticed with solid food and later even fluids 
became difficult to swallow. On one occasion he noticed blood in the regurgitated matcriaL 
He was examined in India by esophagoscopy and the appearance left little doubt that he was 
suffering from a carcinoma of the middle of the esophagus. 

The patient was flow'll to England on May 4, 1947, and because of 'the almost complete 
dysphagia, a jejunostomy was carried out before undertaldng further investigation. As soon 
as his condition improved, an examination liy barium swallow was made and showed an ob¬ 
structive lesion at the level of the root of the lung and extending over a length of about two 
inches. The appearance was more that of a benign than of a malignant condition. In view 
of this x-ray flndiug it was decided to carry out cautious dilatation before proceeding to 
esophagoscopy in tlie hope that tlie value of this examination would be increased by this 
measure. Dilatation was carried out with gum-elnstic bougies without difficulty, and up to 
Size 11 ■was used liefore tliere was any great resistance. 

A roentgenogram made on May 31, 1947, showed an irregularity of contour in the 
middle of the esophagus witli almost complete stenosis, and the appearance was most sug 
gestive of malignant disease (Fig. 1). Esophagoscopy was made on Juno 4, 1947, aad the 
instrument passed freely to 35 cm. wliere a liard swelling was seen occupying one quadran 
of the esophageal wall, the lumen being displaced to the opposite quadrant. The sweihng 
bled easily but did not appear to be fungating. A biopsy was done and showed granulation 
tissue heavily infiltrated with pus cells, and some squamous epithelium ■with signs of re¬ 
generation. There was no ei'idenco of malignancy; results of the "Wassermann and a n 
tests were negative. In view of the biopsy report, treatment was continued by anto 
dilatation, the patient’s condition rapidly improved and he was able to resume a norms 
diet. A second biopsy confirmed the findings of the first. . 

On July 1, 1947, another x-ray examination showed no irregularity in the outline o 
the esophagus. This was confirmed on Sept. 6, 1947. 

Further progress was uninterrupted and the patient was eating normally hy June, 


Case 2.t—M. E. M., a well-developed girl 13 years of age was seen in AprU, 1942) co^^ 
plaining of increasing dysphagia. At first there was obstruction to solid food, but by 
of two months she was unable to swallow liquids and was rapidly losing weight (ncig 

From the Department of Surgerj', Postgraduate Sledical School of London. 

Received for publication July 31, 194S. 

•Allison, P. R.; Peptic TRcer of the Oesophagus, Thorax 3: 20, 1948. patient 

tWe are indebted to Professor C. Crafoord for permission to Include the record o 
AL E M., who was observed by one of us (S. T.) while working at the Sabbatsoe g 
Stockholm, as George Hunt Travelling Scholar of Oxfoi-d University. 
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ponndR or 38.7 kllopTnnia). The coiuHtion ni»i>onrcd to nrijn* apontoneoujly. On examination 
r\\Q thin hut henithr, nnil x-my oxnminiition Mny 12, 1042 {Fig. 2), allowed on obatmetire 
Jejion atftrfiog Jn (iio middle of the caoplmgua. AIm)\o the atenoaed part it was of normal 
cain>cr and contour and nn oaoplmgonl bougie waa held up 20 cm. from the teeth. In view of 
the patient's condition n gnstro?ton»y \nw made on June 18 , lfr42, and her vn’ight mpidlv rose 
to 91 pounds (41.2 kilograms), with a corresponding improvement in general henlth. In 
Pebmary, 1943, her condition wns very satisfactory, and she was readmitted for investigation. 
An x-ruy cxnmlnntlon showcvl an olxstructlve h‘sion at the level of the aortic nrcli. Esopha- 
goscopy eonfimic<l the presence of a stricture at this lei'cl and a fine Iwugio could be passed no 
further. Gastroscopy via the stoma revenlcil nothing of interest and repeated attempts at all 
types of iKnigfnago foile^l, one Ix*lng followed by u l*risk metlinstlnitis which settled with 
sulfnpyridlnc. The itnntoux rcttulion ^Yas negntive even to a dilution of 1 in .10. By 1943 
the patient was unable to swallow sali'^n, and il was deciihsl to explore the esophagus. 



Fie. 1 (Cose 1). —RoentcenoffTtini of baniim mvallow. 

On June 1 , 1943, tlie eliest \™« opencJ* utter removal of the neTOntli left nb. The lung 
uppearea normal with a few naiiesion*. The csoplmgui" wnu raobilired from the cardiu up¬ 
ward; Its u-tiUb felt Imrd nnd inflltratol except in the lower third which felt normal. At thia 
clage a ureteric catheter true piisaed up from Irelow Imt would not negotiate the atrictnre, 
•imltarlj- a aouud introduced via on oaopIiuBoaeope nboim wnu unaucreaful. The 08 oplmitu« 
waa divided at tlie level of the atricturo iK-lmv unit the dLatnl end invnginnted. Tlie gullet 
nna then freed by blunt disacction nnil brought out tlirough un incidon In the neck. The 
operation, cauaed little npset nnd the wound healed aouudly. Tlie esophagua lying in tlie drcaa- 
ingt eurvived for ono week nnd then nceroala act in rapidly to ^vithin 2 era. of the atoraa. 
ilnfortumitoly no specimen wna aent for seotion until thia occurred. 

•Surceon, Dr. Cmfoord. 
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The subsequent progress of the patient was uneventful. She continued to maintaia her 
body weigiit satisfactorily by means of gastrostomy feedings and was able to attend school 
The stoma in the neck contracted and required dilatation, suggesting that the original patho¬ 
logical process was still active, although it did not involve the pharynx. 

Two and one-half years later, on Jan. 14, 194C, a biopsy was taken from the esophageal 
stump. The section sliowed no mucosa in the lumen, the wall being lined by granulation tissue 
of dense consistency. The muscle was replaced by fibrous tissue, and there was no sign of 
a neoplasm. 

In December, 1947, the patient was attending school and in excellent health, and the 
first stage in constructing an antcthoracic esophagus was carried out,* using Yudin’s technique. 



Pig. 2 (Case 2).—Roentgenogram of barium swallow. 

Case 3.—L. C., a single woman, aged 33 years, was referred to Hammersmith 
on Nov. 7, 1946, with a history of dj'sphagia which had started on Sept. 4, 1946, an 
steadily progressed until it was almost complete. qiness 

The onset of the dysphagia was sudden and occurred at the end of a long i 
associated wfith ante-partum eclampsia. The early weeks of the pregnancy had been 
eventful, and apart from the mental anxiety associated with the circumstances of the pf 
nancy, she remained in good health until July 21, 1946, when she had a convmlsion ^ 
was admitted to a hospital whore she was found to have albuminuria and hyperten 
Medical induction was started but was unsuccessful, and on July 25, 1946, hyster 
with the removal of a dead fetus was carried out. She was about thirty-two weeks pro 
nant at the time. 


*By Dr. Crafoord. 
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The patient heraelf could remember little of what happened between July 24, 1946, 
and Aug. 6, 1940, but It wae stated that her tomi»ernture fluctuated at this time, although 
there waa no gross sepsis. She received no blooil tmnsfufiionB at any time during this 
illness. 

It was stated that her two married sisters, who hod given birth to three children, 
suffered from eclampsia during each pregnancy. 

Her temperature gradually settled and she was cousidered fit for discharge on 8ept. 
4, 1040. At breakfast on that morning she experienced pain on swallowing and this pain 
was repeated during the day. Solid food was regurgitated. The 8\Tn])tonis became worse, 
but she was able to take liquids easily until the end of Hoptomber. 



Fl*. 3 (Case 8). —RoentfrenoBTam of barium bwrUow. 


When, the patient was referred to Raramersmith Hospital, her weight had fallen from 
a normal of 131 pounds (00.5 kilograms) to S7 pounds (30 kilograms). She could swallow 
fluids with difficulty and solids not at all. X-rny examination showed an obstructive lesion 
•t the middle of the esophagus (Fig. 5). It was considered that further investigations 
were not practicable until her condition improved end a Kader-Senn gastrostom}' was car¬ 
ried out on Nov. 8, 1040. By Nov. 22, 1940, her weight had increased to 07 pounds (43.6 
kilograms), and investigations were started to confirm the nature of her obstruction. 
Esophagoscopy* showed an ulcer encircling the esophageal wall at a distance of 25 cm. 
from the alveolar margin. A portion of the ulcer was removed for biopsy and was later 
reported to consist of granulation tisane heavily infiltrated with polymorphonuclear leu¬ 
cocytes. No sign of malignancy was found. The patient hod a slight anemia and ocult 


•By Mr. I. Griffith*. 
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blood was present in one out of three specimens of feces. Eesults from the Wasaemiann 
and Kahn tests were negative. Tlie lungs showed no radiologic evidence of pulmonar}- 
tuberculosis, and although the sputum furnished doubtful tubercle bacilli on one occasion, 
this finding was not confirmed subsequently, and a guinea pig inoculation was negative. 

Further radiologic studies were made through the gastrostomy opening and showed 
that the distal limit of the stricture was 2% inches below the proximal block. No lesion 
of the stomach or duodenum could be demonstrated, and there was no evidence of pyloro- 
spasm. At this time a drip feeding was given at night through the gastrostomy, and some 
of this occasionally regurgitated upward through the esophagus. The gastric acidity was 
normal. Small size gum-elastic bougies wore passed three times a day; passage was 
diflicult and by Jan. 4, 1947, the esophagus accepted only size No. 7. 

Because of the patient’s slow progress, and the continuing suspicion of malignant 
disease, exploration was carried out through the right side of the chest on March 11, 1947 
(E. H. F.). The stricture was localized at the level of the root of the lung and was about 
1% inches in length. Alongside the stricture was a lymph node hy Vi inch in size; both 
gland and stricture being finu in consistence. The esophagus above the stricture was 
slightly dilated. The lymph node was removed for section. The esophagus was opened 
just above the stricture and the incision carried downward to healthy esophagus on tho 
distal side. Tho lumen of the affected portions was almost obliterated and when found 
would barely admit a small probe. A portion of esophagus was removed for biopsy and 
esophagoplasty was carried out. 

Convalescence was complicated by a right-sided empyema which necessitated drainage, 
but the patient was able to swallow comfortably until !May 28, 1947, when she experienced 
a “spasm” and difficulty in swallowing, which was relieved by the daily' passage of a 
Hurst mercury bougie. She was discharged on July 11, 1947, and advised to continue the 
use of the mercury bougie. 

Bouginage was not carried out satisfactorily' by tho patient, and she was readmitted 
on Oct. 10, 1947, with a recurrence of dysphagia. With some difficulty' it was found pos 
sible to introduce a ureteric catheter, but attempts to pass any'thing larger than this was 
unsuccessful. It was decided to re-establish the gastrostomy, recover tho distal end o 
ureteric catheter from tho stomach, and withdraw the catheter upward, having attache 
to its tip a fine rubber tube long enough to reach outside the mouth and abdominal woun 
simultaneously. This was done on Nov. 4, 1947. By' means of tho fine rubber tubing gnm 
elastic bougies were guided down the esophagus. A bougie (No. 13) was passed on Nov. 
19, 1947. On Dee. 18, 1947, the gastrostomy' tube was removed and tho gastrostomy allowc^ 
to close. Dilatation was continued, but from time to time the patient complained o 
painful spasms during the passage of tho bougies. On hlarch 8, 1948, the patient starfe 
to menstruate, amenorrhea having been present since onset of the iUness. 

The patient found the use of a bougie intolerable and resection of the affected 
of esophagus was carried out in 1948 by' one of us (E. H. F.) and continuity' restored 
intrathoracic esophagogastrostomy. Pathologic examination showed the condition 
similar to that found in Crohn’s disease. The patient has since continued in good 
and has had no trouble with swallowing. By using alkalies and avoiding lying 
has so far not had any' evidence of peptic ulceration. However, in the light of 
knowledge, it would have been more desirable to have restored the continuity by 
small bowel instead of stomach. 


DISCUSSION 

Tho pathologic material from these three cases presented a nonspeeifi 
gramilomatous condition of the esophagus. In Case 1 (C. M.) the cu 
radiologic, and esophagoscopie appearances all suggested a carcinoma o 
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csoplmgiis aud if l)ioi).sy liad I)ccn omittwl and radiotherapy iiwtiluted, a cure 
l)y this trcatnieiit would have l>ccn elnimctl. Tlic x-ray findinps in the other 
two cascx were Rtronply anppestive of neoplasm, even thou^li l)Oth patients were 
young. 

The cause of tlio condition i.s ohsenic: in two of the patients the onset of 
dysphagia was preceded by a ireriod of mental sti'css. Geographically they were 
Avidoly distributed: England, Sweden, and India. However, the histologic 
pictnro was similar in all three and one is tempted to compare it with regional 
ileitis. 

The importance of this condition, which appears to be raie, is its clinical 
and radiologic mimicin- of eaneer. The diagnosis of esophageal carcinoma cannot 
bo made mthout a histologic e.xaminntion. 



LOBECTOMY AND PNEUMONECTOMY IN THE TREATMENT OP 
PULMONARY TUBERCULOSIS 

A Subsequent Report 

Richard H. S\\^t, M.D. 

Boston, Mass. 

I N MAY, 1946, a report* was made of the results of extirpative surgery applied 
in the treatment of 63 patients unth pulmonary tuberculosis. This series was 
made up of 27 eases of lobectomy and 36 cases of pneumonectomy. The shortest 
period of follow-up in the series was one j'^ear and the longest was seven years 
(one case). The largest group was followed only two j^ears (Pig. !)• At the 
time of this paper two years have elapsed since the last follow-up, and it is noiv 
possible to give the end results of aU cases of the series after the expiration of 
three or more yeai-s from the date of operation. It would seem, therefore, that 
a subsequent report on the outcome of these eases is appropriate. This is par¬ 
ticularly pertinent because a new factor in the form of prophylactic streptomycin 
therapy has been introduced since these cases were observed. It is probable that 
the immediate and possibly the late results wall be improved because of the use 
of this antibiotic agent, but more time must elapse before its importance can be 
imderstood. The present series of cases, observed before the introduction of 
streptomycin, may assist ui the establishment of a base line of the accomplish¬ 
ment of extirpative surgeiy alone, to which reference can be made in the evalua¬ 
tion of the assistance which streptomycin may provide in improving the results 
of treatment. 


lobectomy group 

The lobectomy group was comprised of 27 cases. There were 2 postoperative 
deaths, and by 1946 5 patients among those who survived the operation had 
already died as a result of the progression of the disease in the same or opposite 
lung. Thus there were 20 patients whose subsequent course can be studied. 
Of these 20 patients, 13 were apparently well at the time of the first report. 
Since then 6 of these have remained well continuously. Seven patients, however, 
developed exacerbations of the disease which required their readmission to the 
sanatorium for further treatment. In 3 patients the activity consisted of an 
exacerbation in the remainder of the lung on the operated side. Of these, 
recovered and are now once again apparently weU. The other patient is in only 
fair condition and is still under treatment in the hospital. One patient develope 
a flare-up in the opposite lung but has responded favorably to treatment and is 
now in an apparently well condition. One patient developed exacerbations o 
disease in both lungs. This patient’s condition is poor at the present time an 
the prognosis is certainly unfavorable. Two patients developed bronchial ulcer 

Received for publication Aug. 9, 1948. 
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ations. One of tlicso has shown appai-cnt eomplcte clearing of the process. The 
other is slightly improved but Is still in the sanatorium. Tliese data are sum¬ 
marized in Table I. 

Of tlic 20 patients still alive in 194C after lolieetoniy performed one or more 
years prcWously, 7 were then suffering from manifestations of activity of tlio 
discjise in the same or opposite lung. During the two years since that time 2 
of these patients have improved to the point whei*c they can be classified as 
apparently well. Three others remain unimproved and the otlicr 2 have died. 
These facts arc illustrated in Table II. 



The refused end results of the original aeries of 27 cases 01*6 shown in Table 
in. Of the original 27 patients, 9 are dead. Of these, 2 died postoperatively 
and 7 died of late exacerbations of the tuberculosis. Of the 7 late deaths, 5 had 
occurred before the time of the first report and 2 occurred during the ensuing 
two years. Twelve are apparently ivell and 6 patients show some degree of 
activity at the present time. 


PNEUMONECTOMY GROUP 

The original pneumonectomy group consisted of 36 patients. Of these, 7 
died postoperatively and 29 survived. But by tlio time the first report of i^ults 
was made in 1946, 7 patients had died of the late effects of the progression of 
the disease. At that time also, 5 of the 22 patients still alive showed activity 
in the form of exacerbations in the opposite lung or of empyema on the operated 
side, which in the majority of cases developed Intc. In 2 patients tlic^sc conditions 
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Table I. Subsequent Coubse op Tuibteen Patients Apparently Well in 1946 

After Lobectomy 


condition 

NUMBER 

OP CARES 

GOOD 

STATUS 

PAIR 

IN 1948 
POOR 

DIED 

Remained well 

6 

6 

0 

0 

0 

Exacerbation in ipsilateral lung 

o 

2 

1 

0 

0 

Exacerbation in contralateral lung 

1 

1 

0 

0 

0 

Exacerbation in both lungs 

1 

0 

0 

1 

0 

Bronchial ulceration 

2 

1 

1 

0 

0 

Total 

13 

10 

2 

1 

0 


Table II. Subsequent Course of Seven Patients Reported in 1946 a.s Auve With 
Active Disease Afpeu Lobectomy' 


STATUS IN 1948 

number op cases 

Apparently well 

2 

Not improved 


Died 

2 

Total 

( 


Table III. End Results of Lobectomy for Pulmonary Tuberculosis in Twenty-Setta 
Cases Reported in 1946; Revtsion as op 1948, Three or Wore Years After Operation 


Died 

9 


Postoperative deaths 

2 


Subsequent deaths 

7 


Alive with active disease 

6 


Apparently well 

12 


Total 

27 



coexisted. Seventeen patients were alive and apparently well. Table IV shows 
the subsequent course of these 17 patients. It wall be seen from this that 12 of 
them remained Yvell, but 5 developed subsequent difficulties. One sudden death 
from myocardial infarction, the result of coronary thrombosis, occurred. In die 
other 4 activation of disease in the remaining lung occurred in 2. One of these 
died. The other is apparently well at the present time. In one of the remaining 
2 patients a small chest wall sinus developed in the incisional scar and in the 
other there was a flare-up of bronchial ulceration which has not yet entirely 
healed. 


Table IV. Subsequent Course of Seventeen Patients Apparently W^ell in 1946 

After Pneumonectomy 


condition 


number 
op cases 


Remained well 
Activation other Inng 
Chest wall sinus 
Bronchial disease 
Coronary artery disease 


12 

2 

1 

1 

1 


Total 


17 


good 


12 

1 

1 

0 

0 


14 


status in 1948 
fair poor 


died 

0 

1 

0 

0 

J_ 

2 


Table V shows what happened to the 5 patients who were alive but suffenng 
from activity of the disease at the time of the first report. Two of these patien s 
had empyema on the operated side and developed activity in the remaining l^^f 
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ns well; both died. Two other patients hnd nii ciiipycimi with fistula forinntioii, 
one o[ the bronchus nnd the other into the esophoRiis. Both arc .somewhat im- 
])roved n.s a i-csult oC Ihonicoiilasty but not entiwdy well. The rcmniniiiR pntient 
succumbed to the elTccts of the disease in the opposite lung. Thus, of the 6 
patients under discussion, none is well, 3 nre alive with active disease, and 3 
arc dead. 

Table V. SunREgDENW Coubse or Fnx P.\TinxT« ItEwirrEn i.\- 1010 as .Vi.rvn With At-rivn 
PiRFARE ArTEU PKCUJIOSECTOMY 

Apimrcnth* wett 0 

Somewlint improved after tliorneoplaBty 2 

Dead .1 


The roWsed end results of the .seiies of 36 jmeumonectomy eases are shown 
in Table Of the original 36 patients. 19 arc dead. Of those, 7 vore reported 
prcvioiLsly ns postoperative fatalities. Beven otheis had died fiom the late 
effects of the disease by the time the fiist reiwri was completed. The 5 additional 
fatalities occurred during the ensuing two-.vvar period of observation, making a 
total of 12 deaths from late activation of the di.seasc. Three patients nre alive 
but with ovidonoc of activity. Fourteen of the original group nre apparently 
well. 


Table AT. End Results of P.vcviioxcitohv wr Pvi.m".\.uiv TuuEiicuLOSJE in TniETY-Sis 
Oases REroitTEn in lOtfl; REnsio.v As or tots, Tnnim or. .AtorL- Vr.vns After Oceeation 


Dj©<l 

10 

Pctftopomlivo dentil^ 

7 

SubseqQOQt dontlm 

JJ 

AIIto n^th nctiro dlpeDiip 

3 

Apparently well 

14 

Total 

3G 


A sunimarj’ of the late results of e.xtiipativo surgers- ns npjilied in tlie treat¬ 
ment of 63 jiatients with puliuounrj- tuberculosis is given in Table VII. The 
duration of observation varies from a minunum of three years to a maximiun of 
seven years after the operation w'as performed. The inajoiaty of the eases have 
been followed three and four years. It is apparent from Table VII that of the 
27 patients who hnd a lobectomy performed, 9, or 33.3 per cent, arc dead; 6, or 
22.2 per cent, arc alive ivith evidences of activity of the disease, and 12, or 14.4 
per cent, arc apparently ivell. In the pneumonectomy greu]) of 36 patients, 
19. or 52.8 per cent, arc dead; 3, or 8.3 per cent, arc alive with active disease. 


Table ATI. End Rcsvlts or Extirpative Soeoerv in C3 Cases 
(Three- to Rca'ek-Ye.vr Eollow-XJp) 



LOBrcroMV 
jaiM' TErt 

BEn CENT 

rKKlTJIOKECTOirY 
KTTlI- PER 

BTR CENT 

NUM¬ 

BER 

TOTAL 

PER 

cent 

Ueaa 

0 

33.3 

IP 

52.8 

2S 

44.4 

Alive \ritU netlvo disease 

U 

OO.O 

3 

8.3 

9 

14J 

Apparently well 

12 

44.4 

14 

,38.9 

2G 

41.3 

Total 

27 


30 


fW 
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and 14, or 38.9 per cent, are apparently well. In spite of the difference in the 
tjTies of cases in each group there is a striking similarity of these figures it 
allowances are made for the greater postoperative mortality in the pnemnonec- 
tomy group as compared with the lobectomy group (19.4 per cent versus 7.4 
per cent). 


DISCUSSION 


Two additional years of obsenmtion of the series of patients reported in 
1946 serve to bring into better focus the possible end results which can be 
expected after extirpative surgery in the treatment of pulmonarj^ tuherculosis. 
It is very striking that of the 54 patients who survived the operation, only 19 
have remained wed. continuously. Of these, 6 are of the lobectomy group (24 
per cent of the 25 survivors) and 13 of the pneumonectomy group (45 per cent 
of the 29 survivor’s). One of the latter, however, died of heart disease. Thus, 
of the original 54 liring patients, 35 developed subsequent reactivation of the 
disease after interwals of one to five or more jmars. Of these, 19 (76 per cent 
of the survivors) were in the lobectomy group and 16 (55 per cent of the sur¬ 
vivors) were subjected to a pneumonectomy. It is obvious, therefore, that 
instead of the original statement that at least one-third had suffered a flare-up 
of activity following the surgical procedure, the present evidence suggests that 
approximately two-thirds (actually 75 per cent of the lobectomies) have mani¬ 
fested some fomi of late aeti\dty of persistent foci of disease. The reactivation 
consisted in almost all eases of flare-ups in the remaining homolateral or contra¬ 
lateral lung. In a few there was bronchial disease. The pneumonectomy group 
showed a strilting incidence of late tuber'culous empyema (4 cases, 2 with fistula). 

Furthermore, although many of these patients improved subsequently, so 
that they may now be considered apparently well, 19 liave died as a result of 
the progression of the disease (7 lobectomy and 12 pneumonectomy cases). It 
is more than ever apparent, therefore, that even though the major focus of 
disease can be excised surgically, any of the smaller remaining areas may at some 
future time become the site of activity of the infection. This senses to re-em¬ 
phasize the importance of the immunologic aspect of tuberculosis and to stress 
the fact that this disease cannot be entirely eradicated by extirpative surgery 
applied to the lung. 


It is an interesting observation that, as compared with those in the lobectomy 
group, the patients who had a pneumonectomy have fared rather better in so 
far as late results are concerned. Forty-five per cent of the survivors have 
remained well continuously as compared with 24 per cent of the lobectomy group- 
When the larger operative mortality is taken into account, however, there is 
relatively little difference in the over-all suiwival rates (Table VII)- 

It must not lie assumed on the strength of these results that extirpative 
surgery should be discarded in the management of pulmonary tuberculosis. 
Eeferenee to Fig. 1 ulU demonstrate that during the years 1946 and 194/ 
were 16 resections perfonned, equally divided among lobectomies and pneu 
moneetomies. The indications have been restricted somewhat, however, ^ 
result of experience with the original series of eases reported upon first m 
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1 The indications ior extirpative aurpciw at tiie present time are (1) irre- 
1 versible bronchostenosis rvitli chi'onic infection and sccondan' bronchieetatic 
I dilatation, (2) lower lobe (or occasionally middle lobe) cavities, (3) poisistent 
I cavity after adequate thoracoplasty, and (4) possibly tuberculoma. Cases suit- 
[ able for thoracoplasty arc no longer coiLsidciTd for extirpation. 

CONCm.SION 

Subsequent observations of a granp of patients with pulmonary tuberculosis 
treated by lobectomy or pncuinoneetoiny scitc to stiYngthon the original im¬ 
pression that c-xtirpative surgerj- is a procedure of limited usefulness in the 
management of the disease. That .such is the case is not sni-pi-ising when proper 
consideration is given to the widespread dissemination of the infection which is 
present even at on early stage in almost all eases and to the fundamental import¬ 
ance of the immunologic, balance between the ho.st and the iuvailing organism. 

■Whether the adjuvant prophylactic utilization of streptomycin may bring 
about on inhibition of the activity of the organisms suCRcient to mate c.xtirpativc 
surgery .safer and more rewarding in its end results remains to be determined. 



SUCCESSFUL REMOViVL OP LOWER ACCESSORY LUNG 


]\Lchael DbB.vkey, axd J. B. Arey, Neav Orleans, La., 

AND R. Brunazzi, M.D., Texarkana, Ark. 

T he term aeeessorj' lung (aberrant or supernumeraiy lung) lias been applied 
to several different types of pulmonary anomalies, of wliich tracheal lobes 
and so-called lower accessory lungs are most important. The tracheal lobe is 
located in the upper part of the chest and is usually connected vdth the trachea 
an accessory bronchus, which probably represents a main and not a stem 
bronchus. The lower accessory lung, which is almost alwa3'^s situated at the 
base of the left lung, though it has oceasionallj’- been found below the left dia¬ 
phragm, and which consists of sequestrated pulmonaiy tissue, is not connected 
vdth the bronchial tree. It would perhaps be better termed lower accessoiy lobe 
than lower accessoiy lung. 

The case of lower accessoiy lobe reported in this communication is of interest 
because the anomalj^ is a medical curiosity’; in the majority of recorded cases 
it has been an accidental finding at necropsy’, and in this instance it was success¬ 
fully removed at operation. 

CASE REPORT 

A 7-}’ear-old Negro girl entered Charity Hospital nt New Orleans on Sept. IG, 1916; 
because of a “tumor” of the lung. One month before admission she had been ill for three 
days with a headache, nonproductive cough, and a temperature of 101° F. Her phyeicmn 
made a roentgenogram of the chest and told her motlier that she had a “tumor” of the 
lung. 

Examination on admission revealed an apparent!}' normal and well-developed child. 
A few slightly enlarged, soft, discrete Uunph nodes were found in the cervical and inguinal 
regions. There was a soft systolic mitral murmur. The right lung was clear, but on the 
left side there was impaired resonance to dullness over the lower third of the chest poste¬ 
riorly. The breath sounds were considerably decreased in this region, but there were no 
rales and no friction rub was audible. Fluoroscopic and roentgenographic examinations 
of the chest revealed a well-circumscribed, oval to round cystic mass above the left dia¬ 
phragm posteriorly; the mass moved with respiration; the diaphragm was mobile (Figs- 
1 and 2). 

The impression was that the child had either a pulmonarv' or a dermoid cyst, am 
exploration was advised. Accordingly, on Oct. 1, 194C, the thorax was explored througi 
a posterolateral approach, under endotracheal cyclopropane, o.xv-gen and ether anesthesia 
The pleural cavity was opened by incision of the intercostal muscles in the sixth interspace. 
When the chest was opened, a large, smooth, somewhat rounded, brownish-gray soft mass 
was found lying posteriorly between the dome of the left diaphragm and the inferior sur 
face of the left lower lobe of the lung. This mass, which measured approximately S cm. 
in diameter, was loosely adherent to the diaphragm and the lower lobe of the lung 
areolar avascular tissue (Fig. 3). Elsewhere the surface, wliich was in contact with 
thoracic wall, was smooth and glistening and resembled visceral pleura. The tumor 
easily separated from the diaphragm below, and froin the lower lobe of the lung aboiC) 

Received for publication Sept, 3, 1948. . .pn, 
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np. 3.—Lower ncccJWor>' lung after surfflcal romoviU. Note Irregularly spherical appeamneo 
and rather smooth aurface. 
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by sharp and blunt dissection. After the mass had been freed from these structures a 
small pedicle measuring 3.5 by 2 cm. was identified. The pedicle arose from the posterior 
mediastinum about 4 cm. above the diaphragm and well below the root of the left lung, 
which appeared grossly normal in all respects. The blood supply within the pedicle seemed 
to arise from the region between the esophagus and aorta, but the actual vascular com¬ 
munications were not definitely ascertained because it seemed unwise to prolong the 
operation by tedious dissection for this purpose. It was clear, however, that the arterial 
and venous supply of the tumor was systemic rather than pulmonic in origin. The pedicle 
was ligated and transfixed with quilting cotton sutures, and the mass was removed intact. 
The wound was closed in lajmrs after the lung had been re-expanded by positive pressure. 

The postoperative course was without incident and the patient was discharged from 
the hospital on Oct. 10, 1940. 

In a follow-up report* on Nov. 17, 1947, fluoroscopic examination of the patient 
revealed “that the diaphragm was moving well, and that the lung appeared perfectly clear. 
In fact, except for the sear on the skin, it was difficult to tell that she had had any opera¬ 
tive procedure.’’ 


Pathologic PeportA —The specimen consisted of an irregularly spherical fluctuant mass 
measuring approximately 8 cm. in diameter (Fig. 3). The external surface was smooth 
and gray except for a ragged area of brownish discoloration about 3 cm. in diameter. 
Minute vessels coursed over the surface. The bulk of the mass was occupied by a cyst 
filled with moderately thick, greenish-yellow fluid in which there were innumerable gritty 
particles. Concretions of similar appearance wore encrusted on the lining of the cyst. 
In the areas free from concretions the lining of the cyst was yellowish gray and velvety. 
Several fibrous cords measuring up to 2 cm. in length and 0.1 cm. in diameter traversed 
the peripheral portion of the lumen of the cyst. The ends of those fibrous cords were 
attached to the cyst wall, but the cords themselves spanned small portions of the lumen 
of the cyst. The wall of the cyst was tough, gray, and fibrous and averaged 0.2 cm. in 
thickness, except at the points where the cords were attached; here it was thickened to 
as much as 0.5 cm. Within the thickened wall, at a point at which one of the fibrous cords 
was attached, there was a tiny cyst 0.1 cm. in diameter. 

Sections were stained with hematoxylin and eosin, phosphotungstic acid hematoxylin, 
von Kossa’s stain, Weigert’s elastic tissue stain, and Ziehl-Neelsen’s carbol fuchsia. In 
several areas the cyst was lined by pseudostratified columnar epithelium. Beneath the 
epithelium there was a distinct basement membrane five to ten microns in width. Beneath 
this membrane were lymphoid nodules with germinal centers, groups of mucous glands, 
and small numbers of elastic fibers and smooth muscle fibers. A number of circular to 
sausage-shaped plaques of hyaline cartilage were present beneath the lymphoid zone. The 
remainder of the cyst wall was made up of a thick layer of dense connective tissue libers 
running roughly parallel to the lining of the cyst. Scattered through the fibrous wall were 
a number of nerves, large arteries, and veins. A large number of lymphoid aggregates 
varying size were present throughout the connective tissue wall of the cyst; some of t e 
larger aggregates appeared to represent actual lymph nodes. 

In many areas the epithelial lining of the cyst was replaced b.v a thick lajer 
epithelioid cells throughout which were scattered foreign body giant cells and nuraerou 
large macrophages with foamy cytoplasm. Large irregular masses of calcium wore 
corporated in the wall of the cyst in these areas occurring predominantly in this inn ^ 
epithelioid layer. The zone of epithelioid cells was surrounded by a layer of granu a 
tissue heavily infiltrated with small Ijunphocytes; this layer gradually merged wi 
dense connective tissue comprising the remainder of the cyst wall. The appearance 
gested chronic inflammation and foreign body reaction rather than tuberculosis. 
fast bacilli could be demonstrated. There was pronounced intimal proliferation wi 
rowing or occlusion of the lumens of the arteries in the regions of extensive c r 
inflammation. 


•We are Indebted to Dr. Norman van Wezel for the report. States 

tThe pathologic study was supported in part by a research grant from the Un 
Public Health Service. 
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Scattered through the Trail of the cyat peripheral to the cartilaginoua plaquca rvero 
a numl>er of amall, irreg;tlar apacea lined by cuboidal or low columnar cells. The majority 
of these apneos were elongated and wore abotit 140 microns In length and 70 microns in 
^ridth, but others were circular. Their contoura wore usually smooth, but some had 
scalloped irregular outlines. These spaces resembled the cpithelired alveoli seen in regions 
of chronic pulmonary fibrosis. They wore usuolly arranged in groups of ten or less, the 
individual spaces in each group being separated by septa of fibrous tissue, elastic fibers, 
capillaries, and groups of small l^'nipbocytcs. Additional spaces of comparable sire and 
shape, which had no epithelial lining, were separated from one another and from adjoining 
oplthelired spaces by delicate septa composed almost entirely of capillaries. The mojority 
of these spaces, including those with and those without epithelial linings, were empty, but 
a fen' contained large mononuclear colls, with abundant pink stippled cytoplasm, which 
resomblcHl (he so-called alveolar niacrophagco. 



Flff. 4.—Photomteroffraph of wall of cyst sliowlnc paeu(lo*tratine<l columnar epithelium, 
bmiphold ngprejrate, mucous olands. and hyaline carttlaco. 

The diagnosis of accessory lung was based on (1) the presence of a cyst lined by 
pseudostmtlfied columnar epithelium nnd having a distinct basement membrane, mucoua 
glands, and plaques of hyaline cartilage In Its wall, and (2) the presence of epitheUred 
and nonepithellzed spaces* sepamtcKl by delicate vascular septa and having the appenmneo 
of pulmonnrj' alveoli. 


DlSCfUBSION 

Lower nccesHoiy lobe is perhaps more common than the trnchenl lobe, but 
it is still n rare comlitioii. Since 1861 when Rektorzik and Rokitnnskj- each 
i-eported n case, about fortj' instances in human beings have been recorded in 
the litoralurc.’*b These cases have Ijeen collected period¬ 

ically and nnnlyzetl by various obseiwers, including Bert and Fischer, Cockayne 
and Gladstone, Kooiitz, Scheideggor, Davies and Gunz, and Valle nnd lYhitc. 
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The majority of recorded cases of lower aceessoiy lungs liave been discovered 
at autops}', often in infants who died at birth or soon afterward. Occasioual 
cases have been reported in eliildren by Quensel, von Mayenburg, ajid Humphri-, 
and in adults by Vogel, Springer, and Freedlander and Cieliaucr. The latter 
authors, in 1939, successfully removed what they tenned an “aberrant” lobe 
from a 21-3mar-old woman, but Valle and White, who apparently did not aecept 
this case as authentic, in 1947, reported what they considered to be the fii'st case 
of lower accessory lung discovered during the life of the patient and the sixth 
case in wliich the accessory pulmonary tissue occrrrred below the diaphragm. 
Their patient was a 9-nronth-old Negr-o bov' who died, jrrobably from shock, dur¬ 
ing operation for the repair of an associated diaphragmatic hernia. We Iiclicve 
our case is the fir’st recorded of a lower accessory lung successfully removed at 
operation, as the case of Freedlander and Gebauer is excluded br- most au¬ 
thor's,'’ presumablj' because of its atj-pical location and character. 

Although rrumerous theories have been advanced to explain the origin of 
lower accessory lungs, an entirelj' convincing ex^rlanation of their derivation 
remains to be offered. Before an.v explanation of their derivation can be con¬ 
sidered adequate, certain features of lower accessor.v Irrngs must be taken into 
consideration, including their frequent association with defects of the diaphragm, 
their vascular supply, which with rare exceptions is s.vstemic rather than pul¬ 
monic, the absence of any bronchial communication between the accessory lung 
and the normal lung, and the preponderance of their occurrence on the left side. 
In oirl^- four of the fort.v cases that we have been able to collect, not including 
oru’ own, was the accessory lung located orr the right side. The distribution m 
cattle, in wlrieh the anomalj' has also been reported, is more rrearl.v equal on the 
right and left sides.'*'- There are few comnrouh' associated anomalies other than 
diaphragmatic hernia. The remainder of the Irrng is usually nor-nral in position, 
size, and lobulation. The aberrant luirg tissue in lower accessory Irmg seems 
to be rrotablj’- free of disease or secondarv infection, there being onl,v one case 
showing tuberculous irrvolvenrent in association vith tuberculosis of the normal 
lung and two cases -irtth bronehopneumonia.'®'This remarkable raritj of 
secondary infection is probably explained bj-- the fact that few of the patients 
lived long enough for irrfection to develop and that the accessory lung tissue 
character’isticall^’ had neither bronchial nor vascular communication with the 
nomrall.v situated lung. 


Two main theories have been advanced to explain the origin of lower acc^ 
sory Irmgs, the theorj^ of duplication and tire theory of sequestration. I 
former was advocated bj* Bppiirger and Schauenstein, who believed that these 
anomalies should be interpreted as true tJiird Irmgs rather than as abeirant, 
seqrrestrated lung fractions or lobes. At the present time, however, such i"' 
origin from an accessory pulmonary anlage derived from the esophagus or 


stomach is not generallj' accepted'® and the theory of sequestration is 


favored. 


This theory, which has been advocated by Vogel, Cockajme and Gladstone, Giuen 
feld and Gray, and Davies and Gurrz, attributes the aberrant pulmonary ti^^o 
to'’separation of a par-t of the priirritive puhnonary anlage from the remain ci 
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oC tho lung dni'ing embryonic life, witli resultnnt fonnation of aberrant pul- 
monar>' tissue. Gross defects in the bronchial i>attem of the normal, functional 
lung are occasionally found, but moic frcHiucntly no such defects ni-e described.^* 
Tho specimen from our case diffci's from many of those rejmrted by others 
in tho preponderance of bronchial elementH and the I’olntive scaiTity of alveoli. 
Disproportionate development of hroiichi has, however, been reported by 
others,®’^ and Frecdlander and Gchaucr stated that alveoli may lic absent in 
lower accessor^' lungs. Wlicn alveoli ni'c ab.scnt in a lower ncce.ssor>* lung, it 
may be impossible to distinguish it fmm a hroncliial cyst in the mediastinum 
as in the third ease ropoitcd by Frcodlniider and tiobauer. Bronchial cj’sts are 
more common in the region of the bifurcation of the trachea .'-'* and their 
walls may contain any of the tissues nonnally pi-eseut in the trachea or bi-onchi. 



. , l-'iff. 6.—Lower accepj*orj- lung attached to tlie left loaf of the dlaphracm In a *tim»m 
Infant. Note tho Interlobular aeptuni cooir-oaed of Icx»*o connective tlaaue and the nuoolar-llKo 
•paces with and without epithelial lining*. 


8173I31AKV 

Lower accessorj' lung is an extremely uncommon anomaly wliicli probably 
arises during cmbi-j’onic life by separation of a part of the primitive pulmonarj 
aniago from the remainder of the lung. In the case reported in this communica¬ 
tion tho ncccsson.' lung was successfully removed at opci-ation. 

addendum 

Since tho completion of this paper we have obsen-ctl an additional example 
of a lower accessory' lung. This occurred in a stiilboi’n fetus %voighing 4,220 
grams ivlioso death was appaiently the result of rupture of a .subeapsidnr 
henintoma of tlio liver. 



AN ARTIFICIAL AORTIC VALVE 
Prelimikaky Report 

J. Moore Caimpbell, M.D., F.A.C.S.* (by invitation) 

Oklahojia City, Okla. 

T he problem of restoring or impromng the physical efficiency of iucoinpetent 
cardiac valves has received little attention in surgical research, and there has 
been no report in the literature of any attempt to make a complete cardiac valve 
replacement. 

In 1914, Alexis CarreP reviewed his technique by whicli operations oa the 
pulmonarj’- and aortic orifices of the heart could be performed in dogs with some 
degree of safety. In one experiment he was able to cut the right puhnonarv’ 
valve cusp with scissoi's and unite the laceration with fiiie silk suture. AVlien 
the animal sumdved and retained a slight diastolic murmur, he reasoned and 
subsequently showed that “the bottom of the valve did not unite and a certain 
amount of insufficiency peimsted. ’ 

In 1938, Gordon Murray^ resected with a valvulotome a portion of the 
lateral cusp of the mitral valve in dogs after the metliod of Cutler and Beck. 
He then took a segment of external .iugular vein turned inside out, and threaded 
it through the anterior heart wall across the cavity of the heart to emerge on the 
posterior surface of the left ventricle. Anchored with slight tension, it made a 
free graft that bulged with systole into the opening left by the resected portion 
of valve. Cyanosis and cardiac dilatation were promptly controlled, and two 
dogs lived past ten daj'^s, remaining Anthout signs of heart failui'C although they 
retained soft, blowing systolic murmuis. 

The artificial aortic valve that forms the basis of this report is one of mau.i 
valve patterns that have been fabricated from several types of plastic material. 
In 1937-, HufnageP showed that a cylinder of methyl methacrylate appro-xi- 
mately 4 cm. in length, 1 nun. in tliieltness, and with a diameter that was approxi¬ 
mately the intemal diameter of a canine aorta, could replace an excised segment 
of aorta, and that when several animals were sacrificed after six months there 
Avas found little tissue reaction at the junction of the uitubation anastomosis an 
no mural thrombi AA^ere present. 

Using the same methyl methacrylate, a tube Avitli a central chamber vias 
machined on a lathe (Fig. 1). Into the chamber Avas placed a mortng valve ma¬ 
chined and carved from the plastic. The length of the tube and contained vahe 
is about 2.5 cm., thickness of the Avails a little OA’cr 1 mm., and its oA'cr-all i 
ameter about 1.2 cm. at the ends. Tliis particular A'ah'c model opens and elosw 
easily and quickly, and only 3 cm. Avater pressure is required to seat the a a \ 
(Fig. 2). Tlie entire prosthesis is carefully polislied on all surfaces. 

Read at the Twenty-eighth Annual Meeting of The American Association for 
Surgerj', Quebec, Canada, May SI, June 1, 2, 1948. p^,bilc 

Part of financial support for this research has been granted by the United o 
Health Service, National Heart Institute, Bethesda, Md. School of 

•Thoracic Surgeon, University of Oklahoma Hospitals, Instructor In Surgerj, 

Medicine, University of Oklahoma. 
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To produce norfic rcgnrgitation in dogs, under Nombutnl miesthesin tlie 
right carotid artcrj' is exposed through a .siunil incision in the anterior neck, and 
a seniislinrp stylet passed tlirough tlie artery and aorta to aortic valve leaflets. 
The leaflets are deftly traumatized and aoitic regurgitation is produced because 
of the thoroughly laeonited aortic valves. The trachea is then intubated and 





£ne/ Distal Orifico 
^riifical Aortic Valve Desi^n^ 


yin. L—Dlaffmm of artiflcifti nortic vhIvc. 



Pip, j._Component part^ of nrtindal valve. 
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positive pressure respiration is begun. Next, a left anterolateral incision i.s made 
in the left fourth interspace, and the fourth costal cartilage cut. After packing 
away the left lung vdth moist gauze, and after all aortic branching vessels from 
the left subclavian to the fifth pair of intcrcostals are doubly ligated and dmded, 
the aortic arch and descending thoracic aorta are llnis mobilized. When com¬ 
pletely free, the aorta is clamped at its proximal and distal dissected points, 
isolating from blood flow a segment of aorta about 10 cm. in length. A longi¬ 
tudinal opening now is cut in the vessel, the artificial valve inserted, the aortic 



Fig. S.—Position of artificial aortic valve. Exposure tlirough fourth left Interspace. 


segment filled with citrate solution, and tlie valve anehoi'ed in place by means of 

No. 4 braided silk ligatures circling the aorta over each end of the valve ehamliev. 

^ ’In The 

The distal clamp on the aorta now is opened, then slowly the proximal one. 

wound is closed with interrupted cotton sutures, and the collapsed lung w 

expanded by aspirating the chest. The time interval during which the aoitn is 

clamped oft' varies from 2% minutes to 4V^ minutes. It also has been possible o 

close the opening in the aorta with fine sUk sutures, release the encircling hga 

tures, moA'^e the valve upward across the aortic arch, and anchor it much closci 

to the aortic leaflets than shown in Fig. 3. 
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OUSF-RVATIOXS 

K^Tnofrni])lnc m'oitlinps ni’c inode with o tomliour connected to n femoral 
artery. After the aortic rnlvcH wore Incenitcd. tiic norinnl pressure changed to 
one of aortic regurgitation. Tlie systolic pressui'e rose, tlie diastolic pressure 
fell, and the resultant pulse pressure markedly inci’cascd within a matter of 
thirty sceoiuLs to five miiuitc.s. After placing the valve in the aortic arch, record¬ 
ings of blood ju’cssurc npiiiuximnted the <hjg’s oiiginnl pi-cssiiie, although the 
shape of the eun'c varied fiDin normal, due in part to the snaiiping action of the 



FJff. J—Feiiwral arterj* tmclnff- NomuU blood prwuwre, nortic regurgitotlon, and correctwl 
preware with >’alve In plecc. 


vnlve (fihg. 4). One tracing clearly showed that when oi)en, niinininl obstruc¬ 
tion to aoidic output was made hy the valve or hy the iilnstie chamber func¬ 
tionally replacing the aorta at its site. 

A phonocardiographic record was kept of each dog. The uonnal heart 
sounds arc replaced with the murmur of nortic regni'gitation after tearing the 
aortic, leallclK, and this niurnuii' is ittplacwl or owisliadowi'd hy the sound of tlie 
nrtifidnl valve (h’ig. 5). 'Wlictlier or not flic vidve is functioning can Ire easily 
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determined with a stethoscope, for when opening and closing it makes a sound 
resembling the ticking of an alarm clock. For some acoustical reason, probably 
the nearness of the valve prosthesis to the trachea, the ticking can easily be heard 
through the mouth of the dog when the jaws are held open, making a simple 
determination of whether the valve is in action and working from day to day. 
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Fig. 5.—Phonocai'dlograph tracing of (1) normal aortic sounds, ( 2 ) aorUc regurgitat 
(3) vaive sounds, absence of aortic regurgitation. 


With careful manipulation of the aorta, clotting of the valve at the site o 
insertion has not been a problem. If, however, any t.rjiiuiiatic ulceiation w 
aorta is produced while inserting the valve, thrombi are likely to det e op i’ 
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dcuudcd nrena. Anticongulnnt diHRs wore not used in the gioup of dogs here 
reported. 

In a series of five dogs in Avhielx this model valve has been employed, an 
elderly dog, weighing 20 kilogi-am.s, developed rentrieidnr fibnUntion twice while 
tho aorta was clamped off, retained an niThj'thniia that could not bo controlled, 
and oxi>ircd two hours postopemlively. One dog had a fatal hemorrhage on the 
fourth day, and the distal ligature al>out the valve was found to have cut through 
tho aortic wall. Two dogs developed thrombi in the region of the lacerated aorfic 
leaflets which dislodged on the third and fifth dn\'B and formed a plug in the 
valve that held it in the open position. Two dogs autopsied on the sixth and 
seventh postoperative da^*s showed functioning valves, minimal tissue reaction, 
no endcnco of thrombosis or technical difficulty. All of the dogs except the first 
one of tliis group were phj'sically active from the first postoperative day. The 
ultimate sunflvnl is to he established by a scHes of dogs now under study and 
Avill bo reported at n later date. 

Although much remains to l>c done in thcHc c.^penments, this report is made 
because it has been Tound possible to place an ai-tificial valve in the circulator^’ 
system made of plastic substance and not autugenoiLs tissue. With further im- 
piovement and study, it may l)c possible in the future to develop a valve pros¬ 
thesis that may relieve aortic regurgitation in luuunn l^eings, since it has been 
sho\ni by these acute experiments that methyl mcthacr\-lnto valves arc tolemted 
in arterial blood flow and do not cause thromlxjsis ns miglit be expected. 

SCMMAHY 

1. Valves made of methyl mcthaciylate and placed mthin the aorta distal 
to Inccratod aortic leaflets have l>ecn obscn’cd to function as a satisfactory cor¬ 
rection of aortic regurgitation. 

2. The valves have functioned up to seven days in tliis group of experiments. 

3. Ultimate survival time is understudy. 
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DISCUSSIOX 

DP. JOHN H. GIBBON, JR., Philadelphia.—Intracardiac surgery .can be performed 
Ixjst by clamping both superior and inferior vena cava, and then operating in tho open 
heart under direct vision. That is possible ot the present time only for very brief periods 
of time. I tldnk perhaps in the future if an extracorporeal circulation can be devised 
Tvhich Tvill carry the circulation it may l^e possible to have the heart open and to carry¬ 
out operations on septa and valves under direct vision. At the present time Tve aro limited 
to short periods of about four minutes. Recently, Dr. Templeton in our laboratory 1ms 
been able to clamp the vena cava, to open the right auricle, and under direct vision to 
excise one of the cusps of the tricuspid vtiIvc. He has replaced that defect In the tricuspid 
'Tilve 'wdth a graft of vein or x>oricnrdiujn. The grafts of pericardium have been most 
successful. There are now five dogs living from ono to five months after operation; two 
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of these show no murmur at all. We have had control dogs with cusps excised who show 
a definite murmur confirmed by phonocardiograms. I hope Dr. Templeton* may snv a word 
about the technique. 

DE. CLAEENCE CRAFOOED, Stockholm.—I think that Dr. Templeton should be 
congratulated on the result of these experiments. The question that Dr. Gibbon raises is 
important for the further development of cardiac surgerj% To develop a device for extra- 
cardiac circulation and extrapulmonar^- oxj-genation in my opinion must be considered as 
essential for intracardiac operations. To bo independent of the active breathing by per¬ 
forming controlled respiration I consider is now proved to be one of the prerequisites for 
major intrathoracic surgery. To make oneself independent of the cardiac action for the 
circulation I am certain will be as essential for intracardiac surgery. In my experimental 
department we have been working with a device that is quite different from the one Dr. 
Gibbon has constructed. We have now come so far that we can take over the circulation 
of the brain in a full-grown dog for ns long ns one and one-hnlf hours, and then remove the 
artificial circulation and oxygenation machine and let the heart and the lungs take over 
their function again with surviving normal dogs. 

In these experiments we introduced a cannula into the brachiocephalic artery, which 
provides the brain with blood, close to the aortic arch, after clamping this artery between 
the cannula and the arch. We clamped the inferior and superior vena cava, and tied the 
azygos vein. By this means the brain was adequately perfused during the experiment. 
The heart was bloodless because of the clamping of the cava. From my experience in 
cross clamping the aorta in a scries of about forty cases of patent ductus I am connneed 
that if only the central nervous system is adequately perfused there n-ill be a time of 
between twenty and thirty' minutes for operations within an opened bloodless heart. 


•Editor’s Kote: Dr. Templeton’s discussion was not returned by him. For 
It must be omitted here. 


that rea.-on 



SODIUM TETnADUCYL SULFATE, AZOCIILOHASUDE, AND 
SULFjYNlLAinDE JUXTUKE IN THE PHEYENTION 
OF EMPYEMA POLLOIYIN(i PXELTMONECTOMY 
WIT]! CONTAHriNATION 

n. L. Riqdo.v, i\r.D., AND 0. C. Br,\ktio,\j;, M.D. 

Baltiiiore, Mn. 

T he empyeiiin that follo^vs coiitiiiiiiiintiun of fhc pleural cavity after pneu¬ 
monectomy for suppurative pulnioiinri' disease constitutes one of the hazards 
in thoracic surgeiu'. The lung to ))C removed is frequently adherent to the parietal 
pleura by adhesions fonned by the umlerlyiiiK pnlmonarj- pathologic eoudi- 
tions. In freeing an adherent lung from the chest wall, even though dissec¬ 
tion is carried out in the extrapleural plane, a peripheral nkseess is I’uptured 
occasionally, and pus is spilled into the pleural cavity. A rupture into the 
eamty is more likely to occur when pulmonaiu' resections are being done for 
pyogenic lung alweess and carcinoma complicated b.v n peripheral abscess; 
there is less likelihood of this rupture in resecting a lung for pulmonaiy tuber¬ 
culosis or hrouchiectasis. After division of the main l.ronehus, oecasionally 
the clamp may slip from the bronchial stump, and infected bronchial secre¬ 
tions spilled into the pleura! aarity may contain the organisms that uutigate 
empyema. Empyema also may follow pneumonectomy where gross contamina¬ 
tion is not apparent. 

The opening of the bronchial stump with the resulting bronchopleural 
fistula is becoming a less common cause of empyema. However, when this 
type of empyema does occur, the infected pleural cavity is open to the outside 
through the tmcheobronchial tree. This empyema is different from that caused 
by contamination of the pleura! cavity at the time of operation when the 
bronchial stump remains closed. Drainage of the pleural cavity following 
total extirpations of the lung is almost certain to be followed by empyema if 
the drainage tube is allowed to remain longer than seventy-two hom-s. 

Once empyema becomes established it is practically impo.ssihle to cure it 
by chemotherapy. Repeated aspirations and injections of chemotheiapeutic 
and antibiotic agents usually tvill control the infection, but for a permanent 
cure the pleural cavity must he obliterated. This can ho nccom])li8faed by 
drainage, and then allowing the space to become obliterated by elevation of 
the diaphragm, retraction of the interspaces, and overdistention of the remain¬ 
ing lung Avith a shift of the mediastinum to the affeeted side. Usually it is 
necessary to do an extensive thoracoplasty to accomplish the desired result. 
Strieder* reported that in his experience empyema promptly recognized and 
treated by extensive rib resection and open drainage is accompanied by an 
85 per cent recovery rate. Temporizing measures, such as aspiration or closed 
draina ge, result in higher mortality. 

Prom the Depnrtjnent ot Sun:cr>-, School of MeUlclne, Unlvcreltj- of Moo land. 

R«c«Ivei3 for publldasOon Sept, 13 , 1948. 
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of these show no murmur at all. We have had control dogs with cusps e.xcised ivlio sliow 
a definite murmur confirmed by phonocardiograms. I hope Dr. Templeton* may sav a word 
about the technique. 

DE. CLARENCE CRAFOORD, Stockholm.—I thiuk that Dr. Templeton slionld be 
congratulated on the result of these experiments. The question that Dr. Gibbon raises is 
important for the further development of cardiac surgerj-. To develop a dence for extra- 
cardiac circulation and extrapulmonarj- oxygenation in my opinion must be considered as 
essential for intracardiac operations. To bo independent of the active breathing by per¬ 
forming controlled respiration I consider is now proved to be one of the prerequisites for 
major intrathoracic surgery'. To make oneself independent of the cardiac action for tKe 
circulation I am certain will be ns essential for intracnrdinc surgery. In my experimental 
department we have been working with a device that is quite different from the one Dr. 
Gibbon has constructed. We have now come so far that we can take over the circulation 
of the brain in a full-grown dog for as long as one and one-half hours, and then remove the 
artificial circulation and oxygenation machine and let the heart and the lungs take over 
their function again with surviving normal dog.s. 

In these experiments we introduced a cannula into the brachiocephalic arteiy, mhieh 
provides the brain -with blood, close to the aortic arch, after clamping this artery betTveen 
the cannula and the arch. We clamped, the inferior and superior vena cava, and tied the 
azygos vein. By this means the brain was adequately perfused during the experiment. 
The heart was bloodless because of the clamping of the cava. From my experience in 
cross clamping the aorta in a series of about forty cases of patent ductus I am connneed 
that if only the central nervous system is adequately perfused there will be a time of 
between twenty and thirty minutes for operations within an opened bloodless heart. 


•Editor’s Note: Dr. Templeton’s discussion was not returned by lib". 
It must be omitted hei-e. : 


For that reason 
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tioiis. PelrolT nnrt Sc]iniu' found that it was most effective vhcu used in comb- 
lunation with azochloi-amide. Neter reported that the combined activity of 
sulfauilamido and azoohlorainide exerted a greater bactericidal action than 
whcti either was used .sepni-ntelj'. Tl)is suggested the possibility of combating 
the three drugs, azochlornmide, sodium letradecyl sulfate, and sulfanibimide. 

'When the pleural cavity is contaminated at the time of pneumonectomy, es¬ 
sentially the same procedure is cai'ried out now as premously described.* Ap- 
pro.ximately 500 c.c. of the mixture containing azochlornmide, 1:3,300, sodium 
tetrndecyl sulfate, 1:500, and 5 Gm. of sulfanilamide are placed in the pleural 
eavitj'. The sulfanilamide eiystals are inserted in the pleural cartty and then 
the solution of azoehlornmido and sodium tetrndecyl sulfate is added. The 
chest is closed tightly without drainage. The intrapleural pressure is reduced 
to about 1 cm. of merciuy negative preiwurc after the chest is eloserl. On three 
consecutive days after operation or until three consecutive negative pleimal 
cultures are obtauied, the pleural cavity is aspirated and the same mixture 
of three drugs is instilled. The quantity instilled depends upon many factors, 
including mechanical difficulty in aspirating and the necessity of leaving the 
pleural cartty under negative pressure after the aspiration and instillation. 
An endeavor is made to instill at least 200 c.c. and rarely more than 500 c.c. 
of the nuxture at each treatmeuf. 

Including the first three cases reported, there have now occurred fourteen 
instances of grossly contaminated pleural spaces after pneumonectomy. These 
are consecutive cases and all patients have been treated by the method de¬ 
scribed. All have cscaperl infection or empyema, except the sixth one treated. 
This patient presented certain peculiarities that seem to warrant a detailed 
report. 

CASE RETORT 

A* a 4(l-year'Old white woman, wan admitted to the Univorsity Hospital on Dec. 
0, In June, 1M0, thia patient hod been dingnoncil oa having pulmonary tubercnloflis. 

The third stage of n relaxing tliomcoplasty was complete<l in April, 1&47. Following this 
operation the tul>ereulo.sis apparently arrested, and the patient wnjt free of symptoms until 
eevoral months prior to odmissjon, when sho developed n cougli productive of a moderately 
large amount of sputum and a low grade fever. A bronchogram showed extensive bronchieC' 
tasis throughout the right long under the lliomcoplaaty. Examination of the sputum and 
morning fasting gastric contents rovenled no evidence of tubercle bacilli. On auscultation 
there wns definite bronchial spasm bilaterally. The patient was moderately dyspneic, Pneu* 
monectomy on the right side was advised and accepted. In preparntioD for the operation tJio 
administration of aerosol penicillin and streptomycin wns prcscriljed. The patient became so 
dyspneic from broncJiinl spasm that sho olmost lost her life. Her reaction wns almost as 
violent when the same antibiotics were injected. Bho was also found to be sensitive to the 
sulfonamides. On Dec. 29, 1047, a pneumonectomy was performed on the right side. The 
lung was freed from the cliest wall tvlth difficulty, and during monipulatfon it iras noticed 
that there uns spillage of a small amount of pus. Prior to closure of the chest the usual 
ttzochloniraldc, sodium tetredecyl sulfate, and sulfonilaraido mixture avob used. Tlie regular 
throo-day routine of aspiration and injection \vns carried out with the same mixture. Sulfa* 
nilamido wns ndminiitered in spite of the previous ructions to it. In view of the danger of 
infection an antihiitamln drug avos given, foUowed by penicillin in streptomycin, but none of 
these could bo tolerated. The culture taken at operation proved positive for hemolytic 
5t<72>Ai/focofcus itlbvt and gamma' Btroptoeoceus. A enltnre of the pleural fluid on tho first 
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postoperative day showed no bacteria. The temperature declined steadily to normal on the 
fifth day. It remained normal until the eighth day and then began to ascend. A culture of 
the pleural fluid on the tenth day showed hemolytic Staph, alh^is. It was evident that empy¬ 
ema was established. An open thoracotomy for drainage was done on the fourteenth post¬ 
operative day. The patient was discharged shortly thereafter and made an uneventful re¬ 
covery. The pathologic report was bronchiectasis with cavitation. 

The patient was sensitive to antibiotics and sulfanilamide. Streptomycin and penicillin 
caused sueli a violent bronchial spasm that neither could be used. However, the sulfanilamide 
placed in the pleural cavity was tolerated. From the culture reports one could reason that the 
mixture killed off the bacteria that originally contaminated the pleural space. A thoracotomy 
incision through an old thoracoplasty site is necessarily associated with a great deal of sur¬ 
gical trauma and a considerable amount of scar tissue that is often partially devitalized. The 
approximation of such tissue is not accurate when the wound is closed. Naturally, the chest 
wall is inoculated with the bacteria ns well as the pleural cavity-. The mixture placed in the 
pleural cavity cannot reach the bacteria in the tissues. It may be assumed that since the tis¬ 
sues were not aided by antibiotics, the bacteria created an infection in the chest wall tissues 
that spread to the pleural cavity on or about the eighth postoperative day. 


The fourteen patients reported upon were given snlfanilamide hy mouth 
for forty-eight hours liefore operation, and all received injections of penicillin 
or streptomycin, or both, after operation. Penicillin or streptomycin tvas not 
instilled into the pleural cavity. 

It is thought that the mixture, when used ns described will kill off all the 
bacteria that have been spilled into the pleural ca^dty at the time of opera¬ 
tion. The mixture of azochloramide, sodium tetradecyl sulfate, and sulfa¬ 
nilamide is considered nonspecific in its bactericidal action. Therefore, it is 
much more desirable in treating a grossly contaminated pleural caidty than 
would be one of the antibiotics, such as penicillin or streptomycin, which is 
highly specific in its bactericidal action. 

A rather extensive clinical trial of the mixture in treating pyogenic 
empyema has revealed that it will eliminate most tj^ies of pyogenic bacteria 
from the pleural caxdty. After empyema has been established, the mixture 
will control but vdll not eliminate the hemolytic Staph, alhus or aureus. It 
is hoped that it xvill eliminate these organisms if the attack against them is 
made before the organism actually invades the body tissues. It is reasonable 
to expect that contaminating bacteria would be more easily killed if attackec 
before they have had time to invade the body tissues. 

The mixture placed in the pleural cavity can in no way influence bacteiia 
contaminating the soft tissues of the chest wall. Therefore, it is extremey 
important that the patient receive the aid of penicillin and streptomycin m 
combating bacteria that contaminate the soft tissues of the chest wall. ' 
generally believed that penicillin and streptomycin \vill prevent infecHon i 
occurring in the soft tissue incisions. However, it should be realized t a 
the parenteral administration of penicillin or streptomycin will reaci 


pleural fluid in small quantities.^® , , 

The objection to the preliminary report has not been overcome.^ Comp 
bacteriologic studies are not axmilable. In a surgical practice carrie on^^^ 
several different hospitals it is difficult to avoid the loss of specimens ® 
ture, and under the stress of surgical work cultures sometimes are not a 
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Since the culture reports nre favornblo it is better to disregard these reports. 
In each case, however, pus was seen to spill into the pleural cavity. In every 
instance the pleural cavity and the wounds were closed \vithout drainage. 
Only one patient out of fourteen developed empyema and that patient could 
not tolerate penicillin or streptomycin. 

In eleven of the patients reported, the contamination occurred from an 
inadvertent tear into an abscess caWty. The bronchial stump clamp slipped 
from the divided bronchus m two cases, and the bronchial secretions which 
were assumed to he infected were seen to contaminate the pleural cavity. The 
postoperative pathologic diagnoses in the thirteen patients successfully treated 
were: carcinoma complicated by lung abscess, four; tuboreulosLs, six; bronchi' 
ectasis, two; and putrid long al>sccss, one. 

CONCLUSIONS 

Sodium tetradccyl sulfate, 1:500, in azoeliloramide. 1:3,300, with sulfa' 
nilamide is an efficient nonspecific bactericidal agent. 

"Wlien the mixture was properly applied t<» the pleural cavity after pneu¬ 
monectomy with gross contamination, it prevented empyeiiin in thirteen out 
of fourteen consecutive cases. 
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THE MECHANISM OF HEALING OF LUNG TISSUE AND 
ITS REACTION TO DIFFERENT SUTURE MATERIALS 


Axibal Roberto Valle, M.D.,* and G. Burroughs ALdeu, M.D.f 

Charlottesville, Va. 

L ittle has been reported about the healing process of lung wounds or the 
i reaction of pulmonaiy parenclijuna to various suture materials. Olcb and 
BaUon^ in 1929 made linear incisions in the lungs of dogs and sutured them. 
One-half of the dogs received intratracheal in.iections of tr 3 T)an blue after 
the operation. The dye was injected to determine the source of the scar tissue 
formation. It was found that the dye collected in pneumonic-like patches in 
the lung and that practically no pigment-hearing cells were found in the scar 
tissue. They reported that the sear pi'oduced in the lung, the result of a simple 
incision and suture, resembled a scar elsewhere in the body. More recently 
Montgomery’® studied the healing of experimental wounds in the lung and the 
regenerative power of lung parenchyma. He cut a wedge, 3 cm. long on each 
side, out of the lung of adult eats. Bleeders, when encountered, were controlled 
by" mattress sutures of silk, but he avoided the clamping and ligature of vesseb 
as much as possible in order that the tissue might not be crushed. The visceral 
pleura was carefully’ approximated by intermpted silk stitches. The animals 
were killed at intervals of 1 to 112 day’s after operation. Histologic sections 
revealed weU-formed bronchial buds at the apices of the wounds, which he 
thought indicated a regenerative phenomenon. He also reported the re-forma¬ 
tion of the pleural membrane. 

We have studied the reaction of the lung parcnchy’ma of dogs to six 
different suture materials and their effects on healing. 


JIETHO0S 

Thirty-two dogs were used in this experiment. Their average weight was eigtt 
kilograms. The sutures tried were catgut, chromic catgut, silk, linen, nylon, and cotton. 
The tubed nonabsorbable suture material was soaked in 95 per cent alcohol for about one 
hour and then autoclaved. Jenkins and Dunham^ recommended this procedure liecause o. 
found that tubing fluids often contained xylene and other highly irritating substances w 
cause considerable tissue reaction. The catgut was soaked in sterile water to make it p is 
The anesthesia used was intravenous nembutal in a dose of 30 mg. per kilogram of ^ 
weight. Positive pressure was maintained by an intratracheal catheter attached o 
specially designed Foregger anesthesia apparatus. Sterile technique was used throng o 

In tliis set of experiments we carried out a technique identical with that us 
pulmonary resection in man. The dog’s chest was shaved and prepared with 
merthiolate. An incision approximately 10 cm. long was made along the fourth 
fourth rib was removed subperiosteally, and the pleural cavity opened. A lobe of t e 
was brought to the outside. One or sometimes two Kelly clamps were placed near ^ 
periphery of the lobe and a slice about 2 cm. wide was removed distal to the c amp- 
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suture was tied at one end and a continuous Htih-Ii placed around the clamp or clamps. 
The clamp vraj removed and each stitch tightened Individually before the oUier end was 
secured. A fmv bleeders wore encountered, which wore clamped and tied with the same 
suture matcrinb Tlio lung was then inflated with a jiressure erpml to 15 era. of water, and 
the cheat was closed In layers without dminage. Silk was used throughout in the chest 
olosura No dressing ^ms applied. 

Two operations wore por/orni«l on niont of the dogs, the sfH'ond suture being placed 
in n dllTeront lol)o. "Wlicn the siwcimen was takca, the whole lobe was removed. The sped' 
mens wore taken at intervals of 24, 48, nnd 72 hours, and 7, 14, 30 and 00 days, 

"We performed a second set of exporinienta bi which no Inng tlhsne was resected but 
the suture material was simply passetl through the lung parenchyma. The suture material 
was thrcndc<l througli a long needle, knotted at one end. and then knotted at the other end 
after being jmssed through the long. The same studies wore made on tliese specimens 
which were tnkon at 3, 7, and 14 days. 

Several representative blocks of tissue were cut froni each specimen. Tliej’ were flied 
in Zenker's fluid and imlKMlded in paraffin. Histologic sections were stained witli hematosybn 
and eosin, Masson's trichromo stain (after Qoldner’s mo<lLfication), and Weigert's stain 
for elastic tissue. 


WOUND IIEALIN<J 


Repair in the pulmonarj* wounds proceeilod in ii characteristic manner. 

Ttcrnty-foiir Uourjt.—The pleural surface of tlie wound ujts covered by a tliin layer 
of fibrin wlilcli cxtondc<l over tho hj'peremlc pleura for several millimeters on either side 
of the suture lino. Tbo cut edges of tira pleura could be traced into tho wound which 
appeared os a mass of hemorriiaglc, nocrotlo tissue containing few rocognlrable alveoli 
and bronchiole*. Tho pulmonary alveoli of tho adjacent hyperentic lung were filled with 
blood. Small numlx*rs of pol.nnorplionuclcnr loucoeytes were sct*d at the junction of the 
necrotic tissue nnd tho ljloo<l*flUed pulmonary alveoli. Small artcne^ and veins contained 
fresh thrombi, and «orao of tho bronchioles and smaller bronclil contalneil a mixture of 
blood nnd fibrin in which only a fow loucocytcfl were seen. There was no eridonce of 
fibroblastic proliferation in any of tho sections studied. 

Fortij-eipht Houn .—The wound contained more polymorphonuclear leucocjics Init was 
ftm bloody. The fibrous stroma In tho adjacent nornml lung appeared o<lematous. Bron¬ 
chiole* witliin tho wound area and in tho contiguoue pnlmonury tissue were lined by flattened 
epitheUnl cell*. Some smnUer bronchi were lined by two or three loyers of polygonal cells 
which resembled closelv those in tho stratum gerniinntivum of opldormis although no intor- 
cellolar bridges could 'bo scon. Mitotic figures were numerous among the cells lining tho 
affected bronclil and broncliiolcs. 


Srrnily-two Ifourj.—Blood ini» lew coiuplcuoiui in nnd nbont tlic wound. Tliore xvw 
marked prollfenitlon of all tiio flbroblnats in tho stroma of tlie region. Tlie nlreolur walls 
of the ndjarent inng were thickened. Apparently tho perihroncliial, pcnvnsrata^ snh- 
plenral, and interlohulnr conncctlre tissues nil contributed to tins response winch eitenarf 
for BOreral niUUmeterB Into the normal lung. There wns no lencocytic rcnction in the 
proliferating areas and tim lenccRTtes within the i.emorrhngic and necrotic center of tho 
wound were still polymorphonuclear. The epithelial cells lining the a eet ron an 
bronchiole, appears to be squamous in type, but Urn Inmlnn of tlese structu™ wero well 
pressrred. Fibroblaata bad inredod tho intrabroncldnl esudate, and organisation was np- 
parontly proceeding without tho presenco of leucocytes. 

Seven Dnys.-Tbe core of tl.o wound was now a mass of hemorrlmgic 
taining polymorphonuclear leucocytes, surrounded by a broad zone o tuhc or gran 
tissue. There were modornto numbers of lymphocytes and plasma ceUs in some area^ No 
vestige of the damaged pulmonary alveoli remaineil, but there wore focal nccnmnlati^ 
of sqoamons epithelial cobs surrounded iry thin capmilos w ncU ' 

bronchioles, nnd occasionally a typical bronclius wns foaad lined by 
epithcUum in the region of the wound (Pig. 1). There wns much less blood In tbs wound 
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than formerly. The pleural splint was being organized by fibroblasts from the subplenral 
connective tissue, but the cut edges of the pleura could stiU be traced into the snhstance 
of the wound and their elastic fibers did not appear to be altered. A collagen-like snbatanee 
was present in the tliickened walls of the alveoli Ijdng in the zone of fibroblastic proliferation 
seen at the end of 72 hours. Small perivascular accumulations of lymphocytes, plasma cells, 
and macrophages were seen in the lung tissue extending beyond the zone in which the 
alveolar walls were altered. 



Fig. 1.—Squamous metaplasia of bronclilolar epithelium In healinir wound of dog’s lung 10 
days after operation. (Hematoxylin and eosln stain, XlOO.) 



Fig. 2.—Healing wound of dog’s lung 10 days after operation. . 
the cut edges of pulmonary' tissue and an organizing fibrinous exudate still spn 
surface. (Hematoxylin and eosln stain, XfiO.) 
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Fourteen Doyt, Host of the woood nwi was a niaM of jounp TOBcnlar scar tisfme 
containing a few mncropliogcs, IjTnphocTtcs, and plasma cells. Occasional bronchi were seen 
imbedded in the wound nren. Host of them were lined by colnmnnr opltliellom, only n few 
by sqaamous cells. Some collapsed mediuin-sixe<l blood rcasole coold ho made out in the 
young scar tissue. The cut edges of the pleura conld still l)e traced Into the wound in 
sections stained to sfiow olasticn. Tlie pleural splint was almost ontirclv organized (Pig. 2), 
A few small circunutcribed foci of sQnnfnous epithelial cells and, occasionally, t;\'pical dUateil 
bronchi lined by coluninfir cells were seen In the newly formed scar. 

Thirty i)<iys.~-Thc wound area was oonsidembly smaller and contained mnch collagen. 
The scar tissue mis loss vnscular thon at 14 days. Hynlinired remnauts of bronchi and 
blood vessels tind a few thin-walled bronchi fllloil with mucus and linoil by columnar epithe- 
liuro were imbedded in the senr tisj'Uo in sereml of the wounds studied (Fig. 3). The 



, 8.—Healed wound of doc's lung: SO days after operatton. Adult-type scar tJwue 

na# effected closure of the wound, scar contains a trapned bronchiole fllleu with secretion 

•nd a thrombosed and recanalls^ arterj-, (Hematoxylin and eosln stain, XGO.) 


elastica of the cut edges of the pleura was still risible. There tm no evidence of regeneration 
ot the pleura or its elastica in the depths of fho wound. The pleural surface wtu covered by 
* layer of mesotholial edit. In one wound (here were hemwlderin-ladcn macrtjphages about 
(ho scar, but generally hemosiderin deposits were not seen at any itage in the healing 
process. Strassnmno lias shown that blooil injoctM into rabbit's lung may disappear rapidly 
Trithout the local formation of hemosiderin. 


INFLUEKCE OF SUTURE MATERIAL ON HEAUNG 

It should be remembered that the suture in each of tliese wounds had a. dual function, 
*Ppo«itIon of cut surfaces and hemostasis. Each suture lay in dbrons tissue, usually peri¬ 
bronchial stroma. A lono of stroma and jmrencliymn 1 to 2 mm, wide between tlie suture 
and the wound was compressed os the result of the tension nctesaory for hemostasia (Fig. 4). 
This local reaction may have modified the Ivcaling process, but the assumption that any such 
effect of tension was relatively constant for all of the wounds studied seems to be warranted. 

■Wounds sutured with nylon appeared consistently larger and contained more histologic 
evidence of Inflammatory reaction at all stages of development studied than did wounds 
closed with the other materials used. The nylon wounds still protruded above tho pleural 
surfaces at one month when other wonnds were depressed. The lone of hyperemia persisted^ 
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longer and was always «-ider. Considerably more scar tissue was formed, but there was no 
evidence that the process of collagen deposition was delayed. 

The wounds closed with cotton and linen sutures contained more leucocjles than 
those in which silk or catgut was used. The inflammatory cells were still present in appre¬ 
ciable numbers at 30 days when cellular inflammation had almost completely disappeared 
from the other wounds. No incontrovertible evidence of delayed scar formation was found, 
however. 

No essental differences could be seen in the histologic appearances of the wounds 
sutured with silk, plain catgut, or chromic catgut, save for a transitory rise in inflammatory 
reaction in the catgut wounds during the first week of the healing process. Absorption 



Fig. 4.—Sutured wound of dog’s lung 2 days after operation. Note general resemblance to 

Infarct. (Hematoxyltn and eostn stnln.l 

of the catgut led to isolated foci of foreign body and chronic inflammatory reaction about 
the suture area, but tlus process produced no notable change in the wounds. 


REACTION -tYBOUT THE SUTURES IN THE WOUNDS 

The tension on the sutures may have been responsible for some of the differences 
observed in the degree of inflammatory reaction about the suture material used to os 
the pulmonary wonuds. The various suture materials were associated with the following 
reactions (Fig. 5) : 

iSilk .—A few polymorphonuclear leucocytes appeared during the latter part of t o 
first week, but most of them had disappeared at the end of the second week when t ere 
was some proliferation of the surrounding tissue. At the end of 30 days tlie suture 
imbedded in a thin capsule of fibrous tissue, and no leucocytes were seen in the 

Plain Catgut .—Polymorphonuclear leucocytes appeared about the suture during 
tliird day and were moderately numerous at the end of a week. Tlie sutures liad been n m 
completely absorbed by the end of two weeks when the remnants were surrounded 
body giant cells, a few round cells, and a tlun zone of fibrous tissue. One month 
wound was made, small fibrous nodules containing a few foreign body giant cells m 
where tlie catgut had been previously. , 

Chromic Catgut .—Small numbers of polymorphonuclear leucocytes wore seen a o ^ 

ek when the catgut had become fra^ented an 


suture until the end of tlie second week 


surrounded by foreign body giant cells, round cells, and proliferating fibro a 




Iflc. 6.— TIb«uo imction nbout «trturo material uk!<1 to clo*e wounas ot dog’a lunn 11 daja prevlou-ly. ,1, Silk; B, cotton; o, linen - D chromic catitut 

E, nylon. ' ' ® 
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fragments were smaller in specimens examined at 30 days, but tlie inflammatory reaction 
was similar. 

Linen .—Many polymorphonuclear leucocytes were found in and about the suture material 
24 hours after the wound was made. These cells persisted forming a dense collection about 
the linen so that the suture appeared to be in the center of a tiny abscess at the end of 

the first week. Thereafter the abscess-like lesion persisted and was walled off by fibroo* 

tissue at the end of 30 days. 

Cotton .—The changes were almost precisely the same as those described for linen. 

Nylon .—At the end of 24 hours the nylon sutures were surrounded by a zone of 

necrosis as much as 100 microns wide. The degree of cellular inflammatory reaction found 

subsequently varied greatly. The constant change was a marked proliferation of fibrous 
tissue which enclosed the nylon in a fibrous nodule four to five times as large as the 
encapsulated silk suture at 30 dajm. 


REACTION TO SUTURE MATERIAL ALONE 

The various suture materials wore imbedded in normal lung tissue by passing them 
approximately 2 cm. below the pleura and tying the ends loosely together over the pleural 
surface. In this way the reaction of the pulmonary compionents to the foreign bodies 
could be studied without the added effects that might have been due to closure of the 
wounds. Particular attention was paid to the nature and quantity of inflammatory exudate, 
fibroblastic proliferation, and deposition of collagen. 

The changes observed about the silk, catgut, linen, cotton, and nylon were similar in 
all details to those described about the sutures in the healing wounds. 


COMMENT 


The technique employed in producing the tvounds we studied produced a 
hemorrhagic necrotic mass which was organized by fibroblastic proliferation. 
The general principles seem to be the same as those described for wounds heal¬ 
ing by second intention in other parts of the bod}". The structural changes 
obsen^ed have been described previously by Montgomery,^ whose investigations 
on the healing of lung wounds are the most complete we have found. His 
procedure on cats was less drastic than the one used in these studies. Perhaps 
this may account for failure of the pleura to regenerate its elastic tissue in oiir 
dogs. 


These studies lend no support to the thesis that pulmonary tissue regen 
erates itself in the process of repairing a parenchymal wound. Montgome^ 
described the pneumatization of scar tissue by proliferation of bronchial u ^ 
and the formation of new alveoli. He assumed that spaces lined by cuboi a 
epithelial cells were newly formed bronchial buds. Cells resembling cuhoi a 
epithelium line the thick-walled alveoli adjacent to the wound area after one 
week. The thickening of the walls is due to the appearance of a substance 
which has the staining characteristics of collagen but is not fibrillar. While e 
week-old wound contains many thick-Avalled alveoli lined by cuboidal cells, 
become less numerous in the woimds studied at two weeks and one month. ^ ? 

a few persist at two months. This suggests that the change in type of 
epithelium may be caused by an alteration in the environment of the 
cells occasioned by alteration in their supporting tissue. 
coUagen-like substance disappears as healing progresses, and most of the a v 
are reconstructed in tlieir original fom. 
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Sloatgomery stated that buds froni the lu'onciii aerated the scar, indicating 
regeneration of pnlmonary pnrenchjTna. Our studies indicate that the chief 
mechanism by Avhieh the sear beeomes smaller is tlirough the eontractnre of scar 
tissue. Hecogniwble bronchioles and bronchi Avere more numerous ivithiu the 
wound during the first two Aveeks after operation than in the later stages of 
healing. Recognisable alveoli were seldom found in the scar. The reduction of 
tho numbers of parenchymal units in the sear tissue militates against the thesis 
that aeration is accomplished by invasion of bronchial buds. It seems more 
probable that parcnehATunl remnants arc trapped in the wound and liecome 
imbedded in scar tissue. 

The suture material used had little influence on the rate of healing of tho 
experimental pulmonarj- wounds in dogs. The end re.sult was similar in all 
cases. Certain differences, in the degree of inflammatory reaction and fibro¬ 
blastic proliferation may lie significant on theoretical grounds. If the operative 
field were not aseptic it is possible that the increased intensity of cellular 
inflammatorj- reaction due to the sum of the cffcct.s of the infecting agent and 
tho suture material might ho more conducive to necrosis. It is probable, how¬ 
ever, that tho necrotizing potentialities of the infecting organism are more 
important than tho inflammatory component clieitetl by the sutnre material. 
Nylon, howei'er, seems to us to he a poor substance to introduce into the lung. 
All of the Avounds closed Avith nylon Averc much laiger at all stages of healing 
than Avore those sutured AAith other materials. Thcrefoi-e. these Avounds might 
provide a better medium for the groArih of bacteria. The excessive amount of 
.scar tissue formed in the nylon Avounds seems undesirable. Scar tissue in large 
quantities is essentially weak. This may he of little practical significance in the 
hmg whore physiologic stresses arc usually of a low order of magnitude. It 
would seem unAATsc to use nylon Avhen other readily available suture materials 
produce none of these theoretically objectionable changes. 

The results of this AA'ork seem to uidicate that the most desirable suture 
materials for lung tissue are silk, plain eatgnt, and chromic catgut. 
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NOTICES 


TUMOB BEGISTBY COMMITTEE 

The Tumor Begistry Committee was unable to obtain the necessary assistance for the 
program it was instructed to carry out. TJnwilling to appear empty-handed at the Dearer 
meeting, tlie chairman udll attempt to gather data for the more limited objective which he 
suggested at tlie New Orleans meeting: TJie relationship of interval and late results of 
operation to the cancerous lesion. Dr. Neuhof and Dr. Aufses, aided by a Besearch Fund 
grant from the IMount Sinai Hospital, propose to make an inquiry among all the members 
of the Association in a form which will be simple and not time-consuming. They anticipate 
sufficient material for a report at the April meeting at which time tlie Association may decide 
if further development of the method would be a useful function of the Tumor Eegistr)'. All 
members are urged to respond even if there are only single cases to report. 


THE JAMES ALEXANDEB MTLLEB EEIiLOWSHIP 
FOB EESEABOH IN TUBEBCULOSIS 

The New York Tuberculosis and Health Association announces that a fellowship will 
bo available from July 1, 1050, to June 30, 19.51. The fellowship is designed to support 
a qualified medical investigator who will devote full time to a research project with a 
definite bearing on tuberculosis. Assurance must be provided that the applicant will be 
acceptable in the laboratory or clinic of his choice and that he will be provided with the 
facilities necessary for the pursuit of the work. It is preferred that such laboratory or 
clinic be located in New York, N. Y. 

The stipend will be $5,000. 

Application forms will be supplied on request to the Now York Tuberculosis and 
Health Association, 3SG Fourth Avenue, New York 36, N. Y., and must be submitted in 
duplicate not later than Alarch 1, 1950. Announcement of the award will be made in 
April, 1950. 


BOABD OF THOBAOIC SUBGEBY 

In June, 1949, the Secretary^ of the Board of Thoracic Surgery met with the American 
Board of Surgery^ and the problem of those individuals who are neither members of T e 
American Association for Thoracic Surgery nor diplomates of the American Board o 
Surgery was considered. The American Board of Surgery allowed a now group to be a 
mitted to the Founders Group at the discretion of the Board of Thoracic Surgery. 
group will be known ns group “D” and will consist of other surgeons who are not mem c 
of The American Association for Thoracic Surgery or diplomates of the American 
of Surgery and whose training, because of the period in which it was taken, does no 
qualify them to become certified by the American Board of Surgeryq but who may npo^ 
careful scrutiny^ and adequate evidence of proficiency be eligible for consideration 
founder members. 


ASSOCIATION MEETING TBANSPOBTATION 

The Burlington Bailroad has offered to set aside some pullman space on 
Zephyw leaving Chicago 5 p.si., April 13, 1950, for our membership enroute to 
This space will be held by Mr. William Moloney, General Agent, Passenger 
105 W. Adams Street, 711-712 Bankers Building, Chicago 3, Ill. (phone Wabash 
Beservations may also be obtained from your nenrest Burlington representative m p 
cities throughout the United States. At the same time, if desired, return reservations^ 
be made. The Burlington representative, Mr. A. G. Matthews, will be on ham 
meeting Friday, January 13, in Dr. Harper’s office in the Bepublic Building. 
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MEDIASTINAL “TITBERCULOMA” 


SUROIC-VL RcitOVAL IN FoiTt pATLENTS 


Paul C. Sasisok, ^1.0,,* Oakland, Calip., Brioadikr (ieneral Leonard D. 
■ Heaton, United States Army! (by invitation), and Da^d J. 
Duoan, jr.D.,t Oaklani*. Calif. 


W ITH tho possngo of ycnra, dctniled reviews of pathology and treatment have 
increased our common knowledge of mediastinal tumors. Mediastinal 
granulomas Imve received little attention, however, whieii undoubtedly bespeaks 


their rarity. 

In earlier rciwrts on mediastinal tumors, the differential diagnosis from 
media-stinal mosses due to tubcieulosls or 3n>hills is mentioned. Tho impression 
. is gained that the distinction should not have been difficult .since concomitant 
signs of specific disea.se would be present in addition to tlie central chest lesion.^’ “ 
Apparently, Piasiri-Srartinni^ was the only author actually to desenbe cases of 
mediastinal tul>crctiloraa and gumma. Heuer* has excluded both tuberculous 
and nontuberculous mediastinal IjTnphndcnitis from the consideration of medi¬ 
astinal tumora. It was not stated bow the former diagnoses were made, ilore 
recently, Grow and co-workers® discussed eight instances of “tuberculous Ijmph- 
adenopathy” among seventy-three patients wlio were explored liecause of medias¬ 
tinal lesions. No further details were given. 

Only two descriptions of the surgical extirpation of mediastinal tubercu¬ 
lomas have been found. Grace^s case® apparently was tlie first to be recorded. 
Tho pathologic diagnosis was imsuspccted prior to removal. The patient had a 
slightly positive tuhcieulin reaction. No special search was made for tubercle 
bacilli in tho speeimen. The patient was well at last report. Blades and Dugan 


Prom the Sarglcal Service* of Lettcrman General Hospital and Lanc-Ptanfonl Hospital, 

8«n ynincleco. Calif. ... , __, 

„ Read at the Twenty-ninth Annual Meeting of The American Awoolatlon for Thomdc 
Sorcery. New Orleans. La.. March 29-31, 1949. „ , . , * 

_ , •Civilian Coninltant In Thoracic Surter>', Letternian General Hospital; Associate ainlcal 

Rrofesior of Surgery, Stanford Unlver*lt>' School of llodicme- 

„ tChlef of Sur»[c«I Senice; Chief of Profairional S«tIc«, I^terman General Hoepltel, 
Son E^ncJaco. Calif. _ ^ 

tConeultant In Tboradc 8urffcr>‘, Veterans Admlnlatratlon Hoapltal. Oakland, Calir. 
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NOTICES 


TUMOR REOISTRY COMMITTEE 

The Tumor Registry Committee was unable to obtain the necessary assistance for the 
program it was instructed to carry out. Unn-illing to appear empty-lianded at the Denver 
meeting, tlie chairman will attempt to gather data for tlic more limited objective which he 
suggested at the New Orleans meeting: Tlie relationship of interv-al and late results of 
operation to the cancerous lesion. Dr. Ncuhof and Dr. Aufses, aided by a Research Fund 
grant from the Mount Sinai Hospital, propose to make an inquirj- among all the members 
of the Association in a form which will bo simple and not time-consuming. They anticipate 
sufiRcient material for a report at the April meeting at which time the Association may decide 
if further development of the method would be a useful function of the Tumor Registry. All 
members are urged to respond even if there are only- single cases to report. 


THE JAMES AlfBXANDEB MTT.T.E R FELLOWSHIP 
FOE RESEARCH IN TUBERCULOSIS 

The Now York Tuberculosis and Health Association announces that a fellowship will 
bo available from July 1 , 1950, to .Tune .10, 19.51. The fellowship is designed to support 
a qualified medical investigator who will devote full time to a research project with a 
definite bearing on tuberculosis. Assurance must be provided that the applicant will be 
acceptable in the laboratory or clinic of his choice and that he will be provided with the 
facilities necessary for the pursuit of the work. It is preferred that such laboratory or 
clinic be located in Now York, N. Y. 

The stipend will bo .$5,000. 

Application forms will bo supplied on request to the New York Tuberculosis and 
Health Association, .T 86 Fourth Avenue, New York 16, N. Y., and must be submitted in 
duplicate not later than Alarch 1 , 1950. Announcement of the award will be made m 
April, 1950. 


BOARD OF THORACIC SURGERY 

In June, 1949, the Secretary of the Board of Thoracic Surgery met with the American 
Board of Surgery, and the problem of those individuals who are neither members of 
American Association for Thoracic Surgery nor diplomates of the American Boar 
Surgery' was considered. The American Board of Surgery' allowed a now group to e a ^ 
mitted to the Founders Group at the discretion of tho Board of Thoracic Surgery. ^ 
group will be known ns group “D” and will consist of other surgeons who are not 
of The American Association for Thoracic Surgery or diplomates of the American 
of Surgery and whose training, because of the period in which it was taken, oes 
qualify them to become certified by' the American Board of Surgery', but who may u 
careful scrutiny and adequate evidence of proficiency be eligible for considera lo 
founder members. 


ASSOCIATION MEETING TRANSPORTATION 

Tho Burlington Railroad has offered to set aside some pulliuan space on the 
Zephyr leaving Chicago 5 P.M., April 13, 1050, for our membership onroutc « 

This space will be held by' Mr. William Moloney', General Agent, Passenger 23 , 15 ). 

105 W. Adams Street, 711-712 Bankers Building, Chicago 3, Ill. (phono Wabns i 
Reservations may also be obtained from your nearest Burlington representati^ 0 ,„(iv 

cities throughout tho United States. At the same time, if desired, return reserva ^ 
be made. The Burlington representative, Mr. A. G. Matthews, w’ill he on m 
meeting Friday', January' 13, in Dr. Harper’s ofllce in the Republic Building. 
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Bight i>Ofiterior thoracotomy wns performed on Ifny 19, 1947, through the fourth 
JntercoFtol ppncc. The upper lobe wns adherent to a globular masa T\iuch measured 3^ by 
3 cm. The tumor waa cystic and tho Tvall was thick and yellowish in color. It waa situated 
Jaterel to tho trachea and was adherent to this atnicturo and to the posterior aspect of the 
innominate arterj’. Tlie vagus nerve coursed deep within the capsule and was sacrificed 
(Fig. 2). Medially and inforlorly tho mass was bound down to several calcified lymph 
nodes which extended in a chain anterior to the trachea and toward the left. Due to 
extreme adherence, the nodes to the left of the trachea were not removed. 



Fit. 2 (Casa 1 ),—tWawln* ot operation siiowlnc poalUon of mass In relation to mediastinal 

•tnicturam. 

The postoperative recovorj* was ■uncompUcatod and the i»atient left tho hospital 
twelve days later. 

Grossly, the ej'st contaln<«l white cnscous material. Numerous flecks of calcium were 
encountered in the contents and also in the thick flbrous wall, ifieroscopic examination 
showed fibrosis and chronic inflammation (Fig. 3). No epithelial lining could l>e seen. 
Culture of the contents of the cyst was negative for acid-fast organisms. 

CiBc 2.—J. L., a white man, aged 19 years, bad no symptoms referable to his cheat 
On roentgen examination prior to separntion from tho Army, a left-sided, ovnl, anterior 
niedlastinal mass w'os discovered (Fig. 4)- 
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The postoperative course was uneventful. On discharge, the chest was normal except 
for paresis of the left diaphragm. The patient has remained well. 

Grossly, the mass was encapsulated and nodular, suggesting the fusion of at least 
three lymph nodes. Creamy white fluid and caseous material were contained in the cystic 
nodules. Small plaques of calcium were present in the wall. Microscopically, there iras 
extensive caseation necrosis vrith an occasional rim of Ij'mphoid tissue remaining at the 
periphery. Some of the caseous foci were enclosed only by a fibrous wall yvhich was also 
undergoing caseation necrosis. Scattered calcifications were present in both caseous and 
granulomatous areas. Some caseous foci were enclosed by a zone of epithelioid cells 
through which were scattered man}' multinucleated giant cells var}'ing from Langhan’s to 
the foreign body type. In one area, small epithelioid tubercles wore identified in the re¬ 
maining lymphoid tissue (Pig. 6). 

Special stains revealed no acid-fast organisms and cultures of material from the 
mass were negative for tubercle bacilli. 



<■ 2).—Photomicrograph XIOO. A rim of lymphoid tissue Is Pr^ent 

of epithelioid cells with one multinucleated giant cell borders the area of caseation 
seen at the bottom. 


Case 3. —Private DiL., a white man, aged 22 years, was admitted to Letterman 
Hospital on Oct. 1, 19-16. He complained of an enlarging mass in the nech which ha 
present for one month. The patient had slight dyspnea when supine. Physical examiua 
showed a soft, irregular, tender mass 5 by 2 cm. lying at the lower anterior edge o 
left sternocleidomastoid muscle. The trachea was displaced slightly to the nght. 


mass moved but little on swallowing. 

Exploration was done on the neck on October 23. The mass had 
ribbon muscles and thyroid isthmus and was adherent to the trachea. It was ^ 

free and a connecting sinus was followed deep to the sternocleidomastoid muse 
distance of 5 cm. This appeared to end blindly. The entire cavity was curetted, ^ 

with iodoform, and the skin and platysma closed. Examination of the specimen 
central abscess. Microscopically, the wall of the abscess showed epithelioid ce 
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infiltration with polymorphonuclonr leucocytes and eoeinophlles. Rare gifint cells of the 
foreign body type wero present. Gram etnins rind ncid-fast stains were nonrevealing. 
The guinea pig inocnlation was negative for tnirerculosis. The final pathologic report was 
encapsulated, nonspecific, chronic granulonm. 

Continued swelling necessitated repented aspirations. Tliree weeks later surgical 
drainage was performed, followed by dally irrigations. Three months following the origi¬ 
nal operation one irrigation enused severe cough. Idpiodol wns then instilled in the sinus. 
There was continuity with a mass at the hiluro of the left lung and n bronchial connection 
was domonstmto<l (Fig. 7). A secondarily Infected bronchlogenic cyst wns snggested. 
Earlier thoracic roentgenograms were then reviewed which had been previously reported 
as normal. The first of these hod been taken clsewhore two months prior to development 
of the supmoJavicular swelling. Each showed the presence of nu llJ-deflned mass in tho 
left hilnm just below the aortic knob. Tho mass was enlarging slightly. Bronchograrns 
produced six months after the original operation showed persistence of a Lipiodol puddle 
in tho mass but no further bronchial connection. 



Fig. 7 (Case 8).—Roentgenogram In posteroantertor and left lateral projection following 
injection of Lipiodol Into neck sinus. A narrow Intrathoraclo track Is outlined leading to the 
mass In the left hllum where the Lipiodol l» puddled. A generous bronchial communication 
Is demonstrated. 

The sinus in the neck eventually healed. Over a period of six months the patient's 
cough had Increased appreciably. 

On July 14, 1947, left-sided posterior thoracotomy was performed through the bed 
of the fifth rib. There were no adhesions. A 4 cm. nodular mass, partiaUy hard and par- 
tlaUy cystic, was found lying on the pulmonary artery incompletely covered by long tissue. 
A firm cord wns present beside the vagus nerve extending into the neck (Fig. 8). The 
vagns nerve and its recurrent branch were partially encased in the fibrous capsule of the 
mass. Both were dissected free with some difficulty- The phrenic nerve was inadvertently 
•cvered during separation- Eeraoval of tho entire mass was accomplished. Firm adherence 
resulted In a 7 mm- tear of the pulmonary arterial wall but this was repaired without 
dlfileulty. Tho tubular extension into the upper anterior mediastinum broke free in the 
region of tho thjToid gland (Fig. 0). No lumen could be demonstrated nor could any 
connection with the bronchial tree be established- 
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The patient was discharged with an expanded lung. There was residual paresis of 
the left vocal cord and the diaphragm was elevated. 

Gross examination showed that the specimen appeared to he a conglomerate mass of 
firm h-mph nodes, some with caseous centers. jVricroscopically, the lesion showed granulom¬ 
atous and inflammatory characteristics. Lj-mphoid tissue could be identified. Jlultiple 
caseous areas with occasional giant cells were widely separated Iw dense fibrous tissue. 
No acid-fast bacilli were recovered either on smear or culture (Fig. 10). 


Left' 

subclavian , 
artery 


Tu-bular 

extension U',-' 
of medias- i 
tinal mass 



Phrenic 

nerve 


'.^TMediastinaf 
mass 


i ■ '' ft ' 

- Mediastinal Tuhercu-loma 

. .-Fig. 8 (Case 3).—Drawing at operation. The notluiar mass extends into ^pper 
The tubuiar extension, crossed bv the highest Intercostai vein, disappears into uic 
mediastinum. 

Case 4.—D. A., aged 34 years, was a wliite woman'from Arkansas. She was first s 
at the Stanford Medical, Clinic in October, 1947, complaining of a cough of two 
duration. The cough ;was 'gradually increasing in se:\'erity and was paroxjsma 
nonproductive. There were associated fatigue, poor appetite, a weight loss of six P 
and increasing irritability'. There were no night sweats) hemoptysis, or thoracic pain. 

The patient liad contracted sypliilis at tlie age of 18, at wliich time she nas _ 
for more than one year with "hip and arm shots.” In'March, 1947, both blood 
fluid lYassermann tests were positive and the gold sol curve was pathologic. Fo owi 
cillin therapy for one month the blood tests remained negative during the folloiving yea 
lumbar puncture was not repeated. 
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riff. 9 (Com 8).—Dctnllf of dissection ond of repair of lacerated pulnwnary arterj*. 



FIk- 10 (Caae I).—PhotomJerojrraph Small tubercle untlercolnff central caaeatlon 

necro«l5 In relic of lympliold tUsue, 
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Physical examination in October showed Argyll-Eobertson pupils. TJioro were no patho¬ 
logic reflexes. A few clicking rhles were heard over the trachea and the right upper lobe. 
There was a soft blowing murmur over the right second interspace and the second l)cat at the 
apex was reduplicated. The blood pressure was 120/80 in both arms. The pulse rate varied 
from 100 to 110 and the rhythm was regular. 



Fig. 11 (Case 4).—Roentgenogram, posferoanterlor and right *e.teral projMtlon& 
smooth slightly lobulated mass Is present In the right upper mediastinum. This has en ^ 
appreciably in three months time. In the lateral projection, the mass is immedlatel) an 
to the trachea and there Is suggestive compression of Its lower portion. 



The 

Fig, 12 (Case 4). — Bronchoscopic view. The Carina Is pleated by external press 

tracheal lumen is reduced. 

Laboratory studies revealed the following; hemoglobin, 15.5 Gm.; red 
3,920,000; white blood cells, 9,150; sedimentation rate, 52 mm. in one hour, 

The intradermal skin test to tuberculin, 1 to 1000, was negative; to coccldiodm, 
was negative, and to histoplasmin, 1 to 1000, strongly positive. Tlio scanty spa um 
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pcatctlly negative for ncid-fast Imcilli on concentrate examination. A roentgenogram of the 
cliest pliowcd a amall, slightly rounded shadow in the mediastinum at the level of the right 
first interspace anteriorly. Fluroscoplcnlly it did not seem to pulsate and there was fairly 
satisfactory separation from the aortic arch, Lnnilnagmms showed no encroachment on the 
lumen of the trachea. The patient refused further ndrice at tliis time. 

During the ensuing four months, many of the patient's symptoms heenmo aggravated. 
In particular, the cougli became more constant, hmssy, and only partially controlleil by 
codeine. Posttusaivc dyspnea and wheezing dm-eloiMMl, and faint oral stridor could be heard. 
Roentgonographically, tho mediastinal mass had increased in sire (Pig. 11). Bronchoscopy 
(P.C.S.) revealed extensive anterolateral pressure on the trachea and orifice of the right stem 
bronchus, the lumens being rtnluced approximately 30 and 30 per cent, respectively. The 
Carina was accordion pleated (Fig. 12). Tlie nulls were smooth and tho lironchoscope could 
1)0 maneuvered past the olistruction, which pulsated sliglitly. 



Rfff. II (Case 4).—Dranlnff jit operation. Tho nioat Is encroaching- on the right lateral and 
anterior aspect of the lower trachea. The ax>’gos vein has been divided for better exposure. 

Exploration was recommended. The preoporatlve diagnosis wns mediastinal tumor or, 
possibly, aneurysm. 

Rigid anterior thoracotomy n-os performed* on ilarcli 3, 194S. A firm nodular mass 
5 by 3 by 2 cm. was found (Fig. 13). Tlie axygos vein was llgnted to give better exposure. 
A portion of the mass was cystic and caseous material ahih extruded. Grossly, the mass was 
at least partially composed of matted lymph nodes. The portion which extended across the 
niedlaatinum to the left ^ntis not removed. A small tear in tlie superior vena cava was easily 
repaired. The pleural fluid removed on two occasions following operation wns sterile and 
negative for tubercle bacilli on guinea pig Inoculation. 

Histologlcnlly, tho tissue showed granulomns with central ensention. At tho border of 
the necrotic tissue were numerous epithelioid cells, lymphocytes, plasma cells, and a few giant 


'By Dr. EmlJe Holman. 
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cells. The granulomsis were surrounded by liyalinized fibrous tissue with focal collections of 
IjTuphocytes. Small satellite tulrercles were occasionally found. Pyogenic cultures were nega¬ 
tive as were special stains to reveal acid-fast bacilli, spirochetes, and bacteria. 

Eight months following operation the patient had practically no cough. Her appetite 
was poor and she continued to be nervous. The heart rate averaged 80 per minute. The 
thoracic roentgenogram was satisfactory’. The intradermal tulrerculin test, 1 to 100, was 2 plus. 


PREOPERATI\T5 DLVGNOSIS AND INDICATIONS FOR EXCISION 

Fairly complete infomiation is now available on the eight known cases 
which have been subjected to surgeiy (Table I). Is it possible to make a more 
accurate diagnosis of mediastinal granuloma prior to operation ? Survey of the 
available material suggests that it would be difficult. Concomitant evidence of 
active tuberculosis or syphilis might suggest the etiology of the mediastinal 
“tumor.”- Roentgenograms certainly have not demonstrated “typical” masses; 
indeed, the shadows have unifonnly mimicked more commonly encountered 
lesions. Eiidence of scattered calcium deposits can be found in teratoid tumors 
as well as in granulomas. Undoubtedly, skin testing should be done more fre¬ 
quently. In the eight cases, a tuberculin skin test was applied in five and was 
positive in four. This percentage is appreciably higher than in the general 
population but does not necessanly indicate a conclusive diagnosis in the indmd- 
ual case. Li patients from knowm endemic areas, coccidiodin and histoplasmm 
skin tests should be performed in addition to tuberculin. 

In the final analysis, exploration will be necessary’ in nearly all casK, espe¬ 
cially for the surgeon w’ho follow's the philosophy that unilateral mediastinal 
masses should be subjected to early surgical investigation. 

Should an obvious granuloma be removed when discovered at exploration 
Technical difficulties have been encountered because of inflammatory’ adherence 
to surrounding stimetures.' Minor accidents such as tearing of vessels and sacri¬ 
fice of neiwes have occurred. On the other hand, five of eight patients >a 
definite symptoms referable to the mass. In one, the sy’mptoms were severe an 
there was partial tracheal obstruction. This case was one of four whose ni^ 
was in a similar location, the right superior mediastinum somewhat posterior j. 
Wilde two had no symptoms, there was no assurance that difficulties woul no 
develop should the mass remain. Since the majority’ of patients had symptoms^ 
w’e believe that gi’anulomas should be removed if exploration is done. E^en i 
the majority’, or aU such granulomas, are proved tuberculous in the future, 
experience to date is reassuring in that no active tuberculous infections ave 
developed postoperatively. 


PATHOLOGY 

The lesions described previously’ were without question chronic 
All presented a similar picture of fibrosis, round cell infiltration, epitheboi 
reaction, multinucleated giant cells, and varying degree of caseation necros^^ 
Seven of the eight cases showed residual lymphoid tissue which means that ^ 
far as the mediastinum is concerned, the “tumors” have been compose^ o^^ 
granulomatous infection in coalesced lymph nodes. In this, mediastina gra 
lomas apparently differ from similar masses in the lung. 





346 


THE JOURNAL OF THORACIC SURGERY 


Whether or not the infection is due to the tubercle bacillus cannot be an¬ 
swered with such certainty. In seven of the eight cases, neither tissue stains, 
cultures, nor guinea pig inoculations revealed tubercle bacilli. In one case, a 
few acid-fast bacilli were found by special staining methods. Pubionaiy granu¬ 
lomas due to coccidiomycosis have been reported,®’ “ presumably similar 
masses may occur in the mediastinum. Histoplasma capsulatiun and sjpbilis 
may likewise produce caseating granulomas. As of the present moment sufG- 
eient clinical and laboratoiy investigations have not been done on these eases to 
prove conclusively tlie type of infection. When a granuloma is removed at 
operation, the tissue should be subjected to extensive cultural investigation and 
animal inoculation. Moei’sch and his co-workei’s’" have stressed the importance 
of these steps in the diagnosis of obscure puhnonaiy lesions; they are no less 
valuable in determining the cause of a mediastinal granuloma. In essence, ivc 
do not believe that luiquestioned proof of the tuberculous nature of these granu¬ 
lomas is at hand. 

In regard to the absence of acid-fast organisms, one must admit the ewdence 
of Griffith^' and Feldman and Baggenstoss’® whose investigations have suggested 
that \’iable virulent tubercle bacilli are rarely found in retrogressive, encapsu¬ 
lated lesions or in sclei'otie l3Tnph nodes. 

SUMMARY 

1. The available information on “tuberculomas” of the mediastinum has 
been smnmarmed and four additional cases are reported in detail. 

2. The possibilities of more accurate preoperative diagnosis are enumerated. 
As with other mediastinal massc.s, surgical exploration usuall.y must he done m 
nearty all instances. 

3. When a granuloma is diagnosed at the time of surgery, it is conclud 
that removal should be accomplished whenever possible. 

4. The pathologj’’ has been discussed. The question is raised as to whether 
these granulomas are due to the tubercle bacillus or to other organisms. 
believe that their tuberculous nature has not been unquestionabty proved. Sag 
gestions have been made as to future clinical and laboratory’' investigations whic 
mav^ aid in a more certain diagnosis. 
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DISCUSSION 

DR. DONALD L. PAULSON, Dallaa,—Mr purpose in diaeuaalng Dr. Samson’s paper 
is to present two cases that he recorded in his preBontntion. (Slides.) 

This represents a mediastinal mass located posteriorly in the mediastinum. This 
was found in n routine snr%‘ey nnd wns as^'inptomntic. Operation was advised because it 
•was a mediastinal tumor of undetermined type. It ■was found at operation to be densely 
adherent to the esophagus and the pericardium in the region of the atrium, and ■was re¬ 
moved with some difficulty because of this dense adherence. It was a cystic mass which 
was opened during removal and a thick, green, creamy material exuded from the mnss. 
It was entirely removed, however, except for the calcified upper pole which was densely 
adherent to the mediastinal structures nnd it was considered wiser to leave this behind. 
This patient did well for three weeks posloperatlvcl}* l)ut at that time developed a pleural 
effusion on the right, with low-gmdo fever. The fluid was aspirated, smears and cultures 
for tubercle bacilli wore rando; examination of the contents of the cystic mass wore also 
made for tulmrcle bacilli, and none wore found in either the fluid or the contents of the 
moss. 

This patient eventually recovered but had a period of about six months of low-grade 
fever, in my opinion duo to a pleurisy. 

The next slide reveals a mass in the upper mediastinum. Extensive studies were 
made in an attempt to make a definite diagnosis. Bronchoscopy revealed no evidence of 
a bronchiogenic tumor. Exploration was advised and carried out. What was interpreted 
at that time to be a mediastinal tuberculoma was found ^rith^n the mediastinum densely 
adherent to the azygos vein, the superior vena cavn, the right innominate vein, nnd trachea. 
The mass was removed with a good deal of difficulty l)eeauso of the dense adherence to 
these structures, and a few openings were made in these large veins which were easily 
closed. 

Pathologic examination of both of these masses revealed a chronic gmnulomatons type 
of lymphadenitis consistent with tuberculosis. 

As a result of this experience It was my opinion that if a diagnosis of mediastinal 
tuberculoma conld l>e modo clinicnlly, perhops one would be wiser not to advise exploration 
because of the dangers of spread of infection, as occurred in the first cose, or damage to 
the surrounding mediastinal structures to which these granulomas are usually densely 
adherent. At the present time wo hove two other patients under observation, one of which 
is asymptomatic, which wq have followed for three years. It appear* to be undergoing 
progressive calclllcntfon. The second patient Is an older woman who I presume has a 
taberculoma densely adherent to the esophagus which Is producing symptoms of dysphagia. 
In the Second caao surgerj' probably ‘will be advisabln. In my opinion surgery is indicated 
in these mediastinal granulomas, tuberculomas, perhaps, only if they are symptomatic or 
if the diagnosis is In doubt. 

dr. a. j. grace, London, Ontario.—I should like to say a few words about my 
tase, the first one listed In Dr. Samson's table. This patient was operated upon in 1940 
and the case was reported in considerable dotall in the December, 1042, issue of The 
Journal op Tiioracio Surqeby. (Slides.) These slides show the sharply demarcated tuber¬ 
culoma lying anterior to the left lung root and apparently causing some pressure eflfects 
here to account for her apasmodlc dyspnea. It 'will be noted that this tumor is of con¬ 
siderable size, being rather larger, I believe, than any of those in Dr. Samson's cases. 
The slide illustrating the section of the tumor, following removal, gives some idea of Its 
nature and structure- 
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It maj' be noted that this patient first had symptoms from her tuberciiloma follon-ing 
a blow on the left chest. Following that she had pain in the region of the left breast 
periodic dj-spnea, and a low-grade fever at times. Serial x-ray examinations showed BOme 
definite variation in size of the mass. 

It may be noted that in this case several medical consultants were opposed to opera¬ 
tion because of functional considerations in the clinical assessment of the case. Everv- 
thing possible, including deep therapj', was tried first before she was turned over to me 
for operative treatment. Early operation is certainly advisable in most cases of undiag- 
nosable mediastinal tumors, and it remains the only method of establishing a diagnosis as 
well as of curing the condition in many of these cases. 

I have been talking to this patient quite recently and find that she remains well and 
free from anj' noteworthy chest symptoms nearly nine years following the operation noted 
previously. 

DE. WAERINEE WOODRUFF, Saranac Lake, N. Y.—I should like to ask about the 
definition of tuberculoma in a problem of this kind. These are certainly not similar to 
those we see in lung substance. Those in the lung are to all intents and purposes un¬ 
drained tuberculous abscesses and are filled with an inspissated caseous material from 
which tubercle bacilli are recovered in large numbers. In not a single instance of Dr. 
Samson’s cases were tubercle bacilli found, cither in the cyst or in the sputum. I wonder 
if these cases should not be recorded in the literature under some other classification than 
tuberculoma. 

We have recently had a case of a large posterior mediastinal cyst which I think 
would fit this description—a man, 60 years of age, with an old calcified lesion which looked 
as if he might have had tuberculosis years ago. It projected on both sides of the spine. 
So far as attachment was concerned, apparently it came from the region of the bifurcation 
of the trachea, although there was no communication. Pathologic studies are not complete, 
but I think this may be another case which would fit into Dr. Samson's description; but 
we did not call it tuberculoma. 

DR. ALFRED GOLDMAN, Los Angeles.—I wish briefly to report an experience with 
a case of chronic granulomatous mass such ns Dr. Samson showed, which had in it ca ei 
cations, and a sinus tract leading from the calcified area to the esophagus. This 
was sent to me as a possible carcinoma of the esophagus. Examination revealed a puc 
red granulomatous mass involving one-half the circumference of the wall, and after gmag 
beyond the area one saw' a few drops of pus from the opening in the esophagus. 
showed chronic infection, and no acid fast bacilli were found. At operation glands we 
seen at the bifurcation of the trachea which contained about 15 c.c. of pus. The pus 
sterile. Histologjc examination of the mass was reported ns nonspecific granuloma, 
coccidiodin test was negative although the patient came from that area. The tu e 
test was not positive. 

DE. SAMSON (Closing).—I agree ivith Dr. Paulson that if a diagnosis can 
many lesions give sj-mptoms which are not diagnosed except by operation, and that co 
seems to be the best. 

Dr. Woodruff did not see the paper, in which the word "tuberculoma” was in 
marks. Personally 1 am very much undecided that they are tuberculomas, and as a 
of fact I suspect that many are not. Certainly they differ from the so-called tu ere 
of the lung. j 

Dr. Goldman’s case is interesting. A granuloma usually is a 
remember correctly. While the etiologj" cannot always be determined I question w 
we should use the term "nonspecific granuloma” in this generic sense. 
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introduction 


T he following case is presented as an ninisunl occurrence, which illus¬ 
trates the Inaction of bronchial tissue to injurj*. No identical case was noted 
in a review of tlio literature. 


CLINICAL HISTORY 

V. C., Q 32-}‘enT-ol<l wlilte nmn, cntcrc»l llallomn Vetemn« AdnnnlHtmtion Ilospltol on 
ilay 5, 1047, complaininR of a tender iimsa in the rifilit side of the eliest null wluch first ap¬ 
peared in April, 1045, and Increaw’d in ^ite until hit* ndmlaalon. Pa^t hi^torj- revealed that 
he wn* atruck by antiaircraft ahoU finffmenta while on n mission over Germany in August, 
1043. nis plane ^ral^ shot down, and the patient recclvcil wounds of the riglit side of the 
chest. Following capture ho wjis found to have a right pnenmothorax, nnd snrgical removal 
of raetalUc fragments wna done through a short |K>storlor chest incision nt a German prisoner- 
of-war camp hospital Acconling to the imtlcnt, he developed nn “acute pleurisy“ In the 
right side of the chest postopemtivcly anti was hospitnliseO for n porioil of six montliA The 
wounds healed, and tliereafter ho was asymptomatic except for occasional pains in the right 
•Ido of the clicst. Oq April 25, lfl45, at the time of his lil^eration, he first observed a 
smaU swelling on tlie right lateral side of tho chest wall, which was slightly tender. In the 
spring of 1940 he olwrvod an Increase In site of the mow and complained of increasing ten¬ 
derness over this area. He al^o complained of slight cxortlonnl dyspnea which continued until 
the date of admission. There was no accompanying cough or Jiomoptysls. Phj-sical examina 
tion was negntlro except for a rtcllatc smr 5 cm. in diameter 2 ciru to the riglit of the ninth 
doTsal vertebra, posteriorly. Present in the right side of tho chest wall in tho posterior axil¬ 
lary line was a lemon-sliod maas which was hard, slightly tender, and firmly nttaclied to the 
chest wnll over the eighth to tenth ribs. It was not attached to the overling skin. X-ray 
examination revealed the mass to contain a metallic foreign l)ody within it (Fig. 1). 

The mass was removed on May 15, 1917, under local field anesthesia. At operation tlie 
bands of the serratus anterior nnd latlsslmus donn ruimelcs were found immediately overly- 
iog tho mass and firmly attached to its thick, gmy-whlte capsule, forming n portion of tho 
outer wall of tho cysL Tlio muscle bands Avero split and sepnmted by sharp dissection to re- 
a spherical mass beneath, wliiclj was tense nnd slightly fluctuant. The posterior aspect 
of the mass Avas separated Avith difflcnlty and was adherent to tho underlying ribs and intor- 
CQstal muscles by n dense avascular tlnsne whicli mdlnte*! in a fanilke fashion, fcslng with the 
musclo fascia and periosteum. Tliis was dissected ond the mass removed, leaving tho floor of 
the defect formed by the dense scar tissue previously de8cri!te<l. 

It was evident nt the tlmo^f operation that the sequel to injury Imd been a marked tissue 
reaction to the presence of a foreign body. This involved not only the structures in the 
rib cage, but also tho overlying muscles and fascia. 

Gross Aptmirauce .—The sac was tensely distended and measured 4J5 cm. in diameter. 
Its ou ter surface wnn pink in some aspects, gray in others (Fig- 2). Wlien the sac was opened, 

, Prom the Laboratory* and Surrical Ser\'Icos, Halloran Veterans Administration Hos¬ 
pital, Staten Island. N. Y. 

„ Published with permission of tlte Chief Medical Director, Department of iTcdlcIne and 
^'Tcrj-, Veterans Administration, who assumes no responsibility for the opinions expressed or 
conduaionj drawn by the authors, 
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Fig. 1.—Roentgenogram, lateral view, allowing metallic foreign body In superficial aspects of 

chest wall. 




Fig. 2.—External appearance of foreign body cyst. 
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T\z. 5 


Fl*. i 



.—rhotomlcroffraph of cyi»t lining fhowlns otratlflod epithelium bordering vascular 
granulation tissue (xlOO). 



Photomlcrotraph of cyst lining near its transition from stratified squamous to 
ciliated columnar eplthellam (XtOO). 
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it was found to contain approximately 15 c.c. of thick, tenacious, ginger-brown fluid. Con¬ 
tained within it also was a jagged sliver of steel shrapnel which measured 2 cm. by G mm. by 
3 mm. It lay free within the lumen of the ej-st. The wall of the sac measured 2 mm. in thict- 
ness, and its inner .surface had a granular, red-brown appearance in some portions, and wbj 
lined by a smooth, gray membrane in others. 

Microscopic Appearance .—^Portions of the cj'st wall were lined by stratified squamons 
epithelium (Pig. 3) ; other aspects were lined bj- a pseudostratified, ciliated columnar epithe¬ 
lium. Many of the cells in the latter portions had a goblet appearance (Figs. 4 and 5). 
Beneath the epithelium were dilated capillaries, liistiocytes, plasma cells, and l^vmpliocytes. In 
still other aspects of the waU the continuity of the stratified squamous epithelium wns inter¬ 
rupted, and here the cyst wall was lined by a vascular granulation tissue composed of dilate! 
capillaries, fibroblasts, collagenous fibers, many polymorphonuclear leucocytes, plasma cell?, 



Fig. 5 .—Photomicrograph of the mature dilated columnar epithelium which lined 

of the cyst (X960). 

occasional eosinophiles, and numerous macrophages heavily ladened with brown pigment. H 
granulation tissue extended for a short distance beneath tlie adjacent stratified squamous epi 
thelium. The outer portions of the cyst wall were composed of dense collagenous connM ^ 
tissue which extended between and separated the muscle bundles adjacent to the outermos p 
tions of the sac. , 

Subsequent sections from other portions of the circumference of the cyst wall rcvea 
changes similar to those already described. 

DISCUSSION 

The maiinei- in whicli the cyst came to he lined a mature bronchial epi 
tlielinm is of great interest. Two possibilities present themselves; ^ 

1. The cyst may repi’esent a remnant of a bronchopleural-snbcutan 
fistula. That such a fistula might have occurred is indicated by the j 

air in the affected pleural space after the original injury. As the tract ea 
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the lumen may have beeomo narrowed by the devclopmg sear tissue in its wall, 
so that eventually it was completely obliterated. Unfortunately the early historj- 
of the injurj- is not reliable, and whetbor or not it was followed by a frankly 
suppurative empyema cannot ho ascertained. Such a sequence of events, how¬ 
ever, has been reported in analogous situations. Auerbach and Green’ have 
oljscn’cd tlie epithclization of healed and healing tuberculous ea^ntics. In such 
cases the new epithelium is either columnar or stratified squamous in type. 
These authors also quoted Pagel and Koch ns hnWng demonstrated the opithe- 
lization of pulmonary-cutaneous fistulas in cases of tuberculosis. Uisa and Rosen- 
hlatt= emphasized the ro-cpithclization of bronchi by ciliated columnar epithelium 
in cases of bronchiectasis. In all these situations one source of the new epithelial 
lining is from the licalthy bronchial epithelium bordering the diseased areas. 
In the cn.se of tuberculous caWtics it is deriveel from the draining bronchi. In 
bronchiectasis small islands of intact epithelium may serve as an additional 
.source of lining cells. 

At the operation no such sinus tract was demonstrated, but the dense scar 
tissue which Ixiund the o>-st to the outer layers of the periosteum and intercostal 
muscles may represent tlie healed remnant of a fistulous tract. 

2. The bronchial epithelium may have been carried to its definitive site by 
the jagged projectile. To accept this possibility it must be assumed that the 
journey was of such a nature that it did not destroy all of the transported tissue. 
Since only small numbers of healthy pavement cells are necessary to effect 
re-cpithelization, this mechanism is a distinct po.ssibility.’’ ’ The progress of the 
fragment through the chest was obnonsly a slow one. In contrast to rifle bullets, 
shell fragments are quickly spent. As the shell fragment collided with the 
ninth rib its progress was materially impeded. That it came to rest rrithui the 
body also emphasizes its slow rate of travel 

Upon its arrival on the new .site in the superficial aspects of the chest waU 
the epithelium may have come to line the existing tract or the space formed by 
the hematoma surrounding the foreign body. 

It is well known that bronchial epithelium, when it has been subject to the 
insults of disease or injurj', often becomes stratified squamous in type. Two 
factors served to make the new site a similarly unfavorable environment. The 
first of these was the foreign body reaction in the cyst wall. In addition, the 
active secretion of mucus by the epitbclinm considerably increased the pressure 
within the cyst. The presence of the stratified squamous epitheliimr in portions 
of the lining membrane represents, then, an expected reaction to injury. Miller* 
quoted Baraban as believing the transition from ciliated columnar epithelium 
to stratified squamous epithelium to bo duo to low-grade inflammation which 
leads to loss of cilia and the appearance of mucus in the cells. Both Miller and 
Baraban agreed that in the liuig coughing probably pla^-s a prominent role in 
this transition. Condon’ believed that the stratified squamous epithelium whicli 
appears after injury to bronchial epithelium, as in mechanical trauma, chemical 
irntation, or disease is a pseudastratified form of normal respiratorj- epithelium. 
It represents not a metaplasia, but a protoplasia and is an early regenerative 
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form of epithelium. He stated further that the rapidity with ^Yhich it is con¬ 
verted to ciliated columnar epithelium is dependent upon the state of the sah- 
epithelial tissue. In the presence of inflanunation or irritation the conversion 
is a slow one. If Condon’s hypothesis is a correct one, only a small amount of 
basement cells need have been the source of the epithelium which lined the cj-st 
which we are reporting. From them the stratified squamous epithelram was 
developed, the transition to columnar epithelium representing the final step 
toward maturity. 

Tliat portions of the lining epithelium in our case were physiologically as 
well as anatomically mature is evidenced by the recent enlargement of the cyst 
during the year prior to its excision. The contents of the cyst were viscid, 
tenacious, and had a mucoid consistency. The ability of the epithelium to take 
root upon a damaged surface and to continue its specific function in a new 
location speaks for its resilient vitality. 

SUMMARY 

1. A foreign body cyst in the superficial tissues of the chest wall has been 
observed. It was lined by pseudostratificd ciliated columnar epithelium, stratified 
squamous epithelium, and granulation tissue. 

2. The cyst may have arisen as an accidental tissue transplant or may 
represent the remnant of a sealed-off bronchopleural subcutaneous fistula. 

3. The reaction of the aberrant bronchial epithelium to injury mimics similar 
reactions in the diseased or injured lung. 

REFERENCES 

1. Auerbach, 0., and Green, H.; The Pathology of Clinically Healed Tuberculous Canties, 

Am. Rev. Tuberc. 42; 707-730, 1940. 

2. Lisa, J. E., and Rosenblatt, ^I. B.: Bronchiectasis, New York, 1943, Oxford University 

Press. 

3. Miller, W. S.: The Lung, ed. 2, Springfield, 1947, Charles C Thomas, Publisher. 

4. Condon, W. B.; Regeneration of Tracheal and Bronchial Epithelium, J. THortAac SUM- 



ACTL\OjMYCES in putrid EJtPYBJIA 


COLEJtAK B. R.VUIN, JI.D., Asn He.VBV D. jAN' 0 \nTZ, JI.D. 

Nfav Vohk, N. Y. 

T he manner of development of pulmonnrj- actinomycosis and our ideas con¬ 
cerning tlie pathogenicity of actinomyces for man require clarification. 
Pulmonarj' actinomycosis may occur in three ways; (1) hy direct extension 
from the abdomen through tlic diaphragm, (2) as a meta.static infection, (3) 
hy inhalation. 

The occurrence of infection of the lung through the diaphragm from an 
actinomycotic abscess of the liver perforating directl}- into the lung has been 
obsen’cd; this mode of infection of the lung has been well c.stablished but is not 
common. It is also well knowm that actinomyccs may spread through the blood 
stream to produce hcmatogcnou.s Ic.sions in the spleen, kidneys, and bones, and 
it is possible for the lungs to become involved in the same wa.v. However, in 
most cases of pulnionarj- actinomycosis, particularly in the earlier stages, the 
disease is found confined to the lungs, pleura, and chest wall, indicating that 
most cases of pulnionarj- nctinomj'cosis have their origin in the airwaj-, that is, 
that the infection is bionchogcnous. 

Actinomj’ccs may conceivably he implanted in the lung by direct inhalation 
of the orgnnLsm.s from the air into the pulmonarj’ alveoli, or they may be inhaled 
together with detritus or exudate from the mouth or throat in association with 
other organisms. This material may then Imcome impacted in one of the smaller 
bronchi to produce infection of the lung. It is a peculiar fact that actinomyces, 
pathogenic for man, have never l>ccn found free in nature.*-' This, together 
with the apparent low pathogenicity of the organism, which will be discussed 
later, and the aliscnco of evidence that the disease is contagious,' make it ex- 
trcmelj- unlikelj- that infection of the lungs lakes place bj- the direct inhalation 
of actinomyccs floating free in the air. 

A site of predilection for actinomj-cosis is the jaw; the infection usually 
arises in the gingiva, which is the common nidus for the actinomyces. Heie the 
actinomyces arc found together with other mouth organisms, manj- of which 
also are anaerolies. It has lieen a common obsen-ation, moreover, that actinomyces 
occur witli great frequency in this location in persons either with no visible 
disease of the gums or with what appears to bo simple chronic gingivitis or peri¬ 
odontoclasia (pyorrhea) without any evidence of actinomycosis ns such. In 
addition, actinomyccs have been found in the plugs within tonsillar ci-j-pts ivith- 
out evidence of actinomycosis of the tonsils.’"" 

In spite of the fact that the actinomyccs isolated from such cases were 
anaerobic and adhered strictly to the cultural charnctei-istics of the pathogenic 
form described by Israel and Wolff” and knoivn vni-iouslj- ns Actinomyces bonis, 
A. bom inis, and A. israeJi, one can hardly consider them to be acting ns pathogens 

Uoaplno!^"’ the Medical Service* end tho MKialon for Tlioreolo Dleeaeee, the Mount Elnal 
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in these cases. The difficulty that has been experienced in producing lesions in 
animals by the injection of these supposedly ^drulent organisms also indicates 
their low degree of infectiveness. It appeal’s most probable that given an organ¬ 
ism of such low-grade virulence, infection of the lung through the air passages 
must occur through the impaction in the smaller bronchi of particulate matter 
from the mouth or throat containing these organisms. If tliis material is not 
expectorated over a period of time, the likelihood of infection of the contiguous 
bronchus and the segment of lung that it supplies liecomes apparent. 


Under such circumstances it is rather to be expected that organisms carried 
down with the exudate or detritus from the mouth, together with the actinomyees, 
play a role in the ensuing infection. It has generally been assumed that bacteria 
found in the lungs in association ivith pulmonary actinomycosis are secondary 
invadei’s. But if the eoui-se of events postulated previously is accepted as the 
true pathogenesis of the disease, it must follow that these supposedly secondary 
invaders were present from the beginning, together with the actinonryees. Be¬ 
cause of the difficulty' which has attended the production of pulmonary actinomy¬ 
cosis by' the intratracheal injection of pure cultures of actinonryees,’’ it seems 
ciuite probable that these other nonspecific organisms play a part in the produc¬ 
tion of the infection by symbiosis. 

A very similar coui’se of events takes place in the production of pntrid 
abscess of the lung. It is well knoAvn that the organisms responsible for this 
disease are not vei’y vii'ulent by themselves and that they are common inhabitants 
of the mouth or throat, where they may' produce little or no disease. It has been 
amply' demonstrated that this disease comes about from the inlralation of par¬ 
ticulate material containing tire anaerobes from the mouth or throat into the 
bronchi and that prolonged contact of the inhaled material vdth the contiguous 
bronchial mucous memlrranes leads to infection of the bronchus and tire segnrent 
of lung which it supplies, to produce the localized area of gangrenous broncho¬ 
pneumonia that leads to the putrid lung abscess. 

A similar difficulty' has been experienced in the attempts to produce putii 
hmg abscess by’’ the injection of any one of the anaerobic organisms into t e 
bronchial tree, and it has been generally concluded that in this disease symbr^is 
of the organisms is probably^ required for its production.® No one ^vill consi er 
that the mixture of organisms found in acute putrid lung abscess represents a 
host of secondary invaders. They are all part of the original infection even 
though a good many of the organisms are comparatively a’virulent and by 


selves would not be responsible for infection. _ 

A parallel between the patliogenesis of pulmonai’y’’ actinomycosis an pu 
lung abscess is found in the three cases reported in this paper. In each ° ’ 

there was a putrid empymma secondary to the rupture of a putrid lung ^ 
These contained the usual flora that are encountered in lung abscess. ^ 

there was found in the pleural exudate of each of them the anaerobic • 
fA. hovis). In one case the p’uhnonai’y infection followed tooth extraction, 
in the other two there was advanced periodontoclasia with purulent 
In one of these the actinomyces were searched for and found in the e-vm 


about the gums. 
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a\8R REPORTS 

Cabr 1 (ft[. 8. H, No. 431-107).—\V. \V., n 4C-y«ir*old litliopraplicr, ^nl8 ndmittcd com- 
plolfling of severe right-^ided cho8t pain of four wcok^’ dumtlon. Hip pant history Avas 
not remarkable. Five months before admission he Imd had sovoml molar teeth extracted 
under local nncsthesla. His teeth wore conaidered bad, he had had pyorrhea about them, 
and one or more teeth were broken in the process of extraction. Tlirco months before 
admission the patient began to fool 111 and developed n cough, which at first was non¬ 
productive, but later ho coughed up a small amount of dark blood. During the month 
preceding admission to tho hospital he dovolopod severe, sharp pains in the right lower 
part of the chest and exertional dyspnea, lie had occasional elevation of temperature, 
np to 100* F. on four occasions and experienced night sweats. An unsuccessful attempt to 
aspirate the right side of the cliost imd boon made three daj*s itcforc adralssioiu 

Examination disclosed a woll-<lovcloped and well-nourished, pale, white man In no acute 
respirator}' distress, Toniperature was lOOJH* F., respirations \rore 24 per minute, and pulso 
rat© was 06 per minute. He wore an upper partial denture, and he had modorato pyorrhea 
alveolariju Several teeth were enrious. Ills breath was not foul. The fingers showed slight 
clubbing. There ues flatness over tlic posterior part of the right side of the chest np to the 
spine of the scapula; tho breath sounds were suppressed over this area. 

Tlio liomoglohin \ras 82 per cent, the white Mood cells nuraberetl 12,000, and tlie differ¬ 
ential eount WHS normal. X-rny examination of the chest showed a small collection of fluid 
loculated over tlio posterior portion of the rlglit upper lolx* witli marked thickening of the 
pleura over the entire right lung. Bronchoscopy ans negative except for tho presence of a 
fmall amount of thin, nonfoul secretion from tho orifice of the right upper lobe bronchus. 
Tills did not recur after suction. Broncliograpliy with Lipiodol revealed the Iminches of tlio 
lower lol)© to l>e crowded together by the loculated fluid. Aspiration in the third intercostal 
space, paravortebrally, yielded a small amount of foul pus. A thoracotomy was performed, 
and a welMocnllrod putrid empyema was found ndjoeent to the spine. The empyema space 
^vaa slittllow, and tho vlscornl and parietal plenm were greatly thickcncKl, In the mid-portion 
of tho exposed riscerul pleura there was an area of about onc-hnlf inch in diameter which 
was soft and presented a superficial erosion. 

A smear of the putrid nmtorial obtained at operation revealed gram-negntlvo bacilli, 
streptobacllll, and spirilla. Only israrli was grown from tlie empyema fluid. 

The wound healed without incident. During two years of observation thoro was no 
recurrenco of tlio sj'mptoms, and tlie wound remained 'veil healed. A film of the clicst as 
early as one month after tho operation showetl no residual shadows. 

Cabe 2 (M. 8. H. No. 444882).—1». C., a 35-ycnr-old a-riter, \nia admitted with the cliiof 
complaint of pain in the right side of the chest of two weeks' duration, and foul sputum for 
one week. His past history was noncontributory. His present ilbiess began rntlicr abruptly 
two weeks previously with severe pleuritic pain in the right posterior part of tho chest This 
'vas treated at another institution as a bronebopneurooma witlv sulfapyridlne. One week after 
the onset, fever and foul sputum were noted, and ho was then transferred to tho Mount 8inai 

Hospitot 

He was a well-developed nnd well-nourished, feverish young man in no acute respiratory 
distress. Temperature was 101.2® F., pulse rate \\m 02 per minute, and the respirations were 
24 per minute. The dental consultant reported poor oral hygiene, calcareous deposits about 
the teeth, and periodontoclasia. His breath was not foul, nnd tliere was no clubbing of the 
tbiger*. There was dullness and diminution of breath sounds nnd fremitus in the right pos¬ 
terior part of the chest Iwlow the angle of the scapula. The entire right side of the chest 
was tender. 

X-rny examination of the cliest revealed n fusiform sliadow in the region of the short 
fissure. Bronclioscopy revealed a small amount of thin pus with n peculiar sweetish odor 
from the mesial and apical branches of the right lower lobe bronchus. Cultures of 
tho sputum revealed hemolytic streptococci. During tlie following week he had a low-grade 
fever and the sputum had no odor. Hei»eated chest aspirations were negative. Finally, 
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aspiration in the sixth interspace just medial to the posterior border of the scapula yielded 
a small amount of thin, faintly odorous pus, and a thoracotomy was performed by resecting 
the eighth rib. The lung was covered yvith shaggy exudate containing a numhCT of small 
collections of thin, turbid, foul pus. No pulmonary lesion was found. 


The immediate convalescence was uneventful, the sputum disappeared, and the tempera¬ 
ture promptly returned to normal. Bronchoscopy one week later was negative, and Lipiodol 
injected into the wound failed to enter the bronchial tree. Microscopic examination of the 
empyema wall revealed only acute and chronic inflammation. A culture was not made. 

The patient was re-admitted five months later. He stated that the wound had continned 
to drain for two months and then closed. He had felt well until four days before admission, 
when he developed fever and pain in the scar. Physical examination revealed a flnctnant 
swelling in the center of the thoracotomy scar. Tliis was incised and a cavity extending into 
the pleura, measuring about five by three inches, was found. No fistula could be discoyered. 

Microscopic section of the empyema wall revealed acute and chronic inflammation, vrith 
giant-cell formation. The wound healed shortly after discharge from the hospital, and the 
patient felt well for the following eight months. He then experienced chest pain and began 
to expectorate a small amount of yellowish, nonfoul sputum, which on culture, showed entero¬ 
cocci, Streptococcus viridaus and Staphylococcus albvs B. 

Physical examination showed slight clubbing of the fingers. Once again the teeth 
were in poor condition. The scar was bulging and fluctuant. Incision of the swelling 
yielded a few ounces of foul pus. The cav’ity' was smooth walled, and the operator was 
not certain whether it was intra- or extrapleural. No fistula could be demonstrated. Cul¬ 


ture of the pus revealed A. israelt. 

The patient returned to the hospital for further study one month later. Repeated ex¬ 
aminations of the sputum, of the thin, mucoid secretion of the sinus tract, and smears and 
culture of material obtained by bronchoscopy revealed no actinomyces. He was discharged 
with the wound healed. ‘Wlien last heard of through the follow-up clinic, three and one-half 
years later, the patient was well, had had no recurrence of symptoms, and the wound was we 
healed. 


Case 3 (M. S. H. No. 562568).—M. P., a 55-year-old white man, laborer, was 


admitted 


complaining of constant pain in the left side of the chest for three montlis. He hnd 
hospitalized elsewhere eight months previously for cough and pain in the left side of t 
chest of one month’s duration, and after one month of observation, was discharged. 
months prior to admission he noted severe pain on tlie left anterior and posterior side o 
chest, shortness of breath, and a cough productive of small amounts of nonfoul wu 
sputum. He had liad profuse night sweats for two weeks. . , i 

He ■\yas a well-developed, well-nourished, dyspneic man, coughing up greenish, non 
sputum. Temperature was 103° F., the pulse rate was 120, and the respirations 24 per mmn^- 
Many teeth were missing, many of the remainder were carious, and there was a severe p 
gingivitis. The trachea was deviated to the right. There was dullness to flatness 
entire left lower lobe where breath sounds were absent, and there were diffuse w 
throughout both lungs. The fingers were clubbed. 100 pC 

The hemoglobin was 56 per cent, and the white blood count numbered lb 
centimeter with 89 per cent polymorphonuclear leucocytes. Culture of the sputum H 
Str. viridans, Str. hemolyticus and Micrococcus catarrhalis. A chest film revealed im ^ 
in the left lower part of the chest, loculated anteriorly and lateral to the heart. 
an additional locnlation posteriorly. A fluid level was present in the axillary portion 
chest at the height of the anterior portion of the third rib. The right side of 
appeared normal. 

Aspiration in the ninth space posteriorly ydelded turbid, amber, odorless ui 
showed no organisms on gram stain, but a few small intracellular cocci were 
methylene blue. Aspiration in the sixth interspace anterior to the angle of the 
foul air and pus. Operation disclosed a foul empyema overlying a puhnonarj' 
ono inch in diameter, containing thick, putty-like, foul material. The abscess was 
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Cultaro of the fluid from the crapycnin ca\ity, at opemtion, yielded Staph, athus, enterococcus 
nnd A. i>rnc/i. Section of the nl>?ceafl \nill revealed /granulation tiwue ^vitli purulent exudate, 
but no lilpher bacteria could bo ^teon. 

The patient recelrod 400,000 units of penicillin daily for eleven days and 800,000 units 
daily for four weeks thereafter. Ho also received fonr blood transfusions, and the wound 
was revised twice. Two weeks nftor operation A. israrK was npnin cultured from the cjcudate 
in the wound. Kadlotherapy ^vns instituted, and a total of 1,200 roentgen units wa* admin¬ 
istered. Ills temperature declinetl gradually over a period of four weeks and then remained 
norninl. Tlio wound \ni8 completely healed six weeks after operation, ^^^len the actinomyccs 
were found in tljc plcnral flnld, a search was made for these organisms in scrapings from the 
cavities of several of his teeth and from cnienreons debris about the gingival margins. 
A. israeli was cultured from Iwth locations. 

COMMENT 

Tlio finding of pntliogenie actinomyccs, that is, the anaerobic A. israeli, in 
tho plcnral pus in throe cases of perforated putrid lung alwcess tritliout the 
development of actinomycosis of tho lung or chest wall is an indication of the 
low virulence of tlicsc organisms. In these eases the actinomyccs did not behave 
differently from the general mixture of organisms involved in the putrid infec¬ 
tion. In two of tho ca.scs the infcotioii was citrcd by drainage alone. It is not 
known whether the infection would have cleared in tho third ease without the 
additional use of penicillin nnd radiotherapy. It is significant, liowever, that 
in tho secoud case tho infection cleared b.v drainage alone even though tho 
actinomyccs wore present in the foul pus of an abscess in the wound sixteen 
months after tho original thoracotomy. 

Tho low tirnlcnco of actinomyccs for the respimtorj' tract has also l)een 
pointed out by Kay,* who found these organisms in the sputum of a large number 
of cases of nonspecific chronic suppumtivo disease of the lung ivithout any 
evidence of pulmonarj’ actinomycosis. 

It is a common exiioricnce that patients with bronchiectasis at first liavc 
nonodorous sputum, and that foul odor appears in the later stages ns the result 
of the contamination of tho secretions in the bronchicetatic cavities by anaerobic 
bacteria from the mouth. Tho latter do not contribute materially to tho further 
development of tho pulmonary suppurative disease in tho great majority of cases, 
hut seem to act ns saproph.vics. It appears tiiat the actinomyces found in the 
sputum by Kay Ivehaved in a similar manner, implanting themselves from tlieir 
original hnliitat in tho moutli into the hronchiectatic secretion vvithont producing 
significant broncliopulmonniy disease. 

A similar course of ev'ents, but with n different time sequence, appears to 
have taken place in the three cases hero reported. It must l)c concluded that tho 
actinomyces were carried down from the mouth together with a mixture of other 
bacteria, including anaerobes whicli wore responsible for the lung abscess, while 
the actinomyces played a passive wlo. 

Because of the low-grade patliogcnicity of the actinomyces in respect to the 
lungs, it appears probable that other factors are required to produce puhnonaiy 
infection by these organisms, in addition to simple inhalation. Roseburj-" found 
that lie could produce infection only by adding calcareous material to the culture 
of actinomyces, indicating that tlio impaction of particulate material together 
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with the actinomyces is a prerequisite for infection. Since this can rarely happen 
in the natural course of events \vithout inhalation of other mouth bacteria, it 
must be concluded that these are also carried down into the bronchi at the time 
of the aspiration. These nonspecific bacteria certainly cause infection as easily 
as the actinomyces, and therefore, it seems most likely that nonspecific bacterial 
infection plays a role in the production of pulmonaiy actinomycosis, at least in 
its earlj^ stages. 

Studies of the incidence of other tj'pes of fungi in the sputum in chronic 
pulmonaiy disease have shovm that in the majority of cases the fungi act as 
secondaiy invaders, and are usually saprophjdic.^^ Tliis is such a frequent 
occuiTence that a diagnosis of moniliasis, streptothricosis, leptothricosis, and 
aspergillosis is not tenable solely from the finding of these organisms in the 
sputum, unless other underlying -diseases are entirely excluded.^®"'^ A similar 
conclusion must be dravm in relation to the finding of actinomyces in the sputum.® 
Because of the three cases here reported the same reservation must be held even 
when actinomymes are found in pleural pus. A diagnosis of pulmonary' ac¬ 
tinomycosis is tenable only'- when fungi are found within the tissue itself. 

SUJIJI.VRY 

1. A. Israeli was cultured in three cases of putrid empj'ema resulting from 
the perforation of a lung abscess. In one, this organism was also recovered from 
carious teeth. 

2. None of the patients developed actinomycosis, although treatment in two 
cases consisted only of thoracotomy and drainage. 

3. A. Israeli is an organism of low-grade virulence, and is often present in 
( the lung as a secondary^ invader or simply' as a contaminant aspirated from t e 

mouth and tonsils. 
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USE OF THE POTTS-SMITH-OmSON C'LAIIP FOR DIVISION OF 
PATENT DUCTUS ARTERIOSUS 


William S. Conkux, JI.D., axd Elton Watkins, Jr., JI.D. 
P0RT1.AND, Ore. 

L IOATION o£ the pntciU ductus nrtcriosu.s ivith n single strnnd of nounlisorb- 
1 nlilo suture niatorinl is no longer nn neeeptnble procetlure. In a significant 
number of cases so managed there linvo liccn operative failui'ca due to incom¬ 
plete obliteration of the duet or its reeannlirntion. Even with modifications of 
the ligation technique (use of multiple ligntHrc.s, transfixion sutures, reactive 
cellophane) there have liccn repoHs suggesting that reeanalization may occur. 
The incidence of reeanalization Is difficult to evaluate because of the varying 
criteria for diagnosis and the lack of sufficient long-range folloiv-iip. Tbc pres¬ 
ence of a postoperative murmur, jier sc, is not sufficient evidence that patency 
of the duct has persisted or recun-ed. Sometimes murmurs arc audible imme¬ 
diately after a ductus has been completely divided. Changes in the contour of 
the pulmonar}- artery or ])rc-cxisting pulmonnrj- artcrj- dilatation with relative 
pulmonie insufficiency might account for such murmurs. The presence of other 
congenital anomalies must also be suspected. Consequently, a definite diagnosis 
of incomplete occlusion or reeanalization should not bo made on the basis of 
persistent murmur alone. If such a munnur is not tyiiical of patent ductus in 
its location and character, if the murmur is present immediately following opera¬ 
tion and does not subsequently change character, and if it is not a.ssociated tvith 
peripheral vascular signs of a systcmie-pulmonarj' shunt, the diagnosis of re¬ 
canalization requires further confirmation. However, Jones' has noticed a 
decreased incidence of postoperative murmurs since he abandoned the use of 
multiple tape ligatures for division and suture of the ductus, and it is well 
tmown that any arterj' that has been ligated in continuity shows a tendency to 
rccanalize. On such a theoretical basis and with limited clinical evidence, it 
may bo suspected that division of the patent ductus artciiosus is the method of 
choice provided the surgical mortality is not increased. 

Ductus diiTsion was carried out first by Touroff in 1940.” In his patient 
dii-ision became ncccssaiy to control hcniorrlmgc which occurred while the ductus 
was licing isolated prcparatoiy to its ligation, dross was the first surgeon to 
dhfide a patent ductus deliberately. His method was reported in 1944.' This 
technique has proved eminently successful in the hands of a few surgeons. Four 
Crile artery forceps are applied across the isolated ductus. The two middle 
clamps are removed after dividuig the ductus between them so that the small 
cuffs of vessel wall, that had licen held between the jaws of the medial clamps, 
could bo sutured with continuous rows of fine silk. In bis original report Gross 
recommended that the jaws of each clamp be held closed by a tight rublicr band 
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twisted about tlie bandies of tbe clamp. In a more recent report,' Gross stated 
that he had abandoned the use of rubber bands, closing each clamp to the first 
ratchet. Crafoord® has applied clamps temporarily to the aorta above and 
below the ductus and has then divided the ductus while the aortic stream was 
completely interrupted. 

Our experience with these two techniques of division has been limited. 
During our first attempt to divide the ductus by Gross’s method, the Crile clamps, 
closed with rubber bands, slipped from position on either end of the ductus. 
Bleeding from the aorta and pulmonary artery was controlled with difficulty, 
but division and suture were completed and the immediate postoperative course 
was uncomplicated. Ten days after operation the patient developed classical 
signs of pulmonary embolism. There was no evident site for thrombus formation 
and, consequently, it was postulated that thrombosis had occurred at the site 
of ductus suture. The patient recovered and has done well, but in view of these 
complications and the relatively infrequent opportunity to perfect this method 
of division, we revmrted to a-teelmiqrre of obliterating the duct with two ligatures 
of lunbilical tape with an intermediate transfixion srrture of heavy braided silk. 
Since April, 1947, vv'e have used tire method for division which will be desciihed 
here and which has been mentioned in a previous publication.^ 

The high incidence of spinal cord lesions in dogs after complete acute clamp¬ 
ing of the aorta, even of short duration, has deterred us from using Crafoord’s 
procedure deliberately. Our only experience with clamping of the aorta during 
ductus division occurred at operation on a 9-year-old girl in 1946. The original 
plan was to perform double tape ligation, but during the dissection tlrere was 
profuse hemorThage from a tear irr the posterior wall of the ductus. The aorta 
was clamped completely, proximal to the ductus, for periods of twent}'-two 
minutes and thirteen minutes, vvdth an interval of twenty'-five minutes between, 
in order to control hemorrhage while the ends of the duct were sutured foUowi^ 
its division. There was no evidence of leg paral.ysis after this prolonged peri 
of aortic obstiTiction, and the postoperative coui’se appeared uneventful, althoug 
a routine electrocardiogram on the tenth postoperative day showed T-wave in 
v'ei'sion in the lateral precordial unipolar leads. This finding suggested a sma 
area of myoe.ardial ischemia although there was no evidence of infarction m 
the patient has continued to do well. The T-wave changes have disappearem 
Wo are unable to explain such an occurrence and were unable to duplicate sue 
an electrocardiographic change during clamping of the aorta in the dog. 

There are a number of factor’s that havm contributed to the problem o 
devising an entirely satisfactory technique for division of a ductus. The ayerao® 
duct is a very short vessel with a large diameter. This makes simple 
between ligatures extremely hazardous. The ligatures are likely to roll o ^ 
ends of the divided vessel, particularly at the aortic end where the large um^ 
is exposed to high systemic arterial pressure. Experience with pulmonary 
tions has demonstrated adequately that a single ligature, with a trans 
suture added to eliminate the danger of the ligature rolling off the v^e e^i 
provides complete security for closure of the proximal end of a 
monary artery. At its pulmonic end the wall of the duct has essentia .v 
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sumo cliarnctcristics ns tlmt oC the pnlmonmy nrtcr>'. Tliis end of the dnet is 
eicposed only to the rclntively low bloo<l piessure of the pulinoimrj’ nrtciy after 
dhasion of the duotns has been aecomplislied. Lipntion and transfixion provide 
a satisfaetorj' incthotl for clo.snro of the piilnionie end of the ductas mdesa the 
vessel is execptionnlly large. The wall of the dnet at il.s aortic end, on tlie other 
hand. Is like the wall of the aorta; it is i-olntively thick and friable so that a 
simple encircling ligature tends to crush and to split the intima. The intimnl 
damage which occurs with crushing of the aortic end of the ductus predisposes 
to recannlization when ligation techniques arc used. Exposed to the high S}^!- 
temic arterial pressure, even a ti-ansfixion suture is likely to be dislodged from 
the aortic end of the duct and, sliould such a suture produce a small tear in 
the aortic wall, hemoriiingc may become progressively severe and uncontrollable. 



FJs. 1.—Electrocardiographic chanRce foUowlnc complete clomping of the thoracic 
aorta dlttal to the left aubclavlnn nrter>' during division of patent ductu*. The norta Tvai 
complotelj- clamped for pcrloda of twentj-«two ond thirteen mlnutea wlUi an interval of twenty- 
nve minute* bet>\'oen the perloda of clamping. Preoneratlve electrocardiogram (Sept 8. It46) 
enovred upright T wave* in the unipolar preconllnl lend*. V*, Yt, and AV Operation waa per¬ 
formed on Sept 0, ItMO. The ftmt pontopemtlve tracing wo* recoixled on the sixth postopera¬ 
tive day and ahowed invcrflon of the T wnvefl In V*. Va, ami V«. T-wavo Inveralon rcgrejted 
O'^er a period of five week* after operation. 


The pasteromedinl wall of tbc ductus at its pulmonic end may be closely 
adherent to the left main bronchus. By the usual blind approach for dissection 
of this part of the duetas, it is often difficult to free sufficient length for division 
by ligature or snture tecliniques. The ductal wall is fragile here and is likely 
to be torn, especially if it has been weakened by superimposed bacterial infection. 

lletliods requiring tlio application of clamps to the ductus itself have many 
disadvantages: (a) danger of slipping or dislodgment of the clamps, (b) too 
small a cuff available for closure, (e) inclusion of thin ductal tissue in the aortic 
closure -with the eon.sequent danger of late aneurj-sm, (d) unsuitable for the very 
short ductus where four clamps cannot be applied, (e) trauma of the vessel wall 
to the area of suture predisposing to rupture or aortopulmonarj’ fistula.* 


clamp devlaed by Potti^ grasps the ductus \v1th prong* wlUiout crushing it 
ft'old* some of these disadvantages, particularly (a) and (e). 
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When the technique for creation of a side-to-side anastomosis between the pul- 
monaiy ai-terj' and aoiia was reported by Potts, Smith, and Gibson" it seemed 
that the aortic clamp described by them could be used as well to divide a ductus 
as to create one artificially. Consequently, the following procedure was de¬ 
veloped which we feel offei-s the advantages of complete aortic obstruction with¬ 
out the dangers inherent in complete interniption of aortic blood flow. 

OPERATIVE JIETHOD 

In order to obtain adequate exposure and enough room for placing the Potts clamp 
on the aorta, a posterolateral incision is considered obligatorj’. The patient is placed on 
the operating table in the right lateral decubitus position. An endotracheal tube is used 
for the administration of cyclopropane and ether in a closed circle sj'stem. An ankle vein 
is cannulated routinely and a continuous slow infusion of dextrose solution maintained 
during the operation. Blood is available but is usually not required. , The fourth rib is 
resected from behind its angle to the anterior axillar}- area and the pleural space is entered 
through the periosteal bed of the resected rib. It is particularly important that the rih 
resection be carried well medial to the angle of the rib posteriori)’ to facilitate manipulation 
of the aortic clamp. Occasionally it has been advisable to resect a small posterior segment 
of an adjoining rib to increase exposure. 



Fig. 2.—Aortic clamps of the type described by Potts, Smith, and AoPy (or uf- 

clamp Is the standard size described by them. The upper clamp was made moa one-thlni 
The diameter of the portion encompassing the aorta and the length of the ja 
larger than tlie standard clamp dimensions. 


The aortic clamp is of the type described by Potts and his associates.* Tbe s 
clamp used by Potts is too small to be used easily in any but the smallest patients 
ered for ductus operation. Our largest clamp was made locally and is one-third larger 
the standard Potts clamp. The standard and larger clamps are shown in Fig- 

Mediastinal dissection is started by incising the pleura over the first par 
descending aorta from the origin of the left subclavian artery to a point ^lay 

to the ductus. A side extension of this incision, passing directly over the u i 
prove desirable later in the dissection. The aorta is exposed by subpleural one 

the segment opposite the ductus orifice is mobilized. It may be necessary 
or more intercostal arteries and smaller branches of the aorta passing to the me 


'Available from V. Mueller & Company, Chicago, lit 





aronn^fu —Dtaaectlon of the aorta and ductus Is compJetetL Umblllcnl tapes are placed 
In*- thi aorta abo^•e and below tlie ductus. The \'agu« nerve Is retracted anteriorly show- 
[J<ajrrent laryngeal nerve passing medial to the ductu*. One Intercostal artery liaa 
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Care must be taken that such vessels are not sheared off close to the aorta. Di™ion 
between ligatures is recommended rather than division between clamps. One must avoid 
injury to the thoracic duct while dissecting the aorta away from the thoracic vertebrae. 
If this vessel is traumatized, ligation is essential to prevent chylothorax. 

When the aorta is adequatel}^ mobilized, strips of umbilical tape are passed around it 
above and below the ductus. Gentle traction with these tapes exposes the posterior aspect 
of the aortic end of the ductus so that dissection can be completed preparatory to placing 
the aortic clamp. The recurrent lar 3 ’ngeal nerve is mobilized so that it will not be included 
in the jaws of the aortic clamp. The Potts clamp is then placed around the aorta and 



Fig. 5 .—Details of the division and suture. . ,, tn nass Into 

A, The clamp Isolates the ductus from aortic blood flow but allows blooa 

the descending aorta. _ ^ the oulnionarj' 

B, The pulmonic end of the ductus is ligated and transfixed as close to i s 

arterj' as possible. , the duc- 

O, The Initial artery stitcli is anchored at the upper angle of the aortic ena |s 

tus. The ductus is then divided. For purposes of clarity in this drawing, me t ag ^ 

retracted to the aortic side of the ductus incision although in practice it ae , gg^ upon 
tract it toward tlie ligature on the pulmonic end of tlie ductus. Less tension is p 
the vagus nerve than is shown. ,, suture of 

D, The aortic end of the divided ductus is repaired with a continuous mau 

arterj' silk. Intlma is approximated to Intlma. , ,,, . 

E, The mattress suture is overlayed with a continuous glover s stitcn. 


slowly closed to occlude the aortic end of the ductus. The encircling tapes ma} is 
to hold the aorta in position within the clamp during its closure. As soon as 
completely closed the continuous thrill over the pulmonarj' artery and lung ^ ^ 

Appearance of a systolic thrill over the aorta distal to the clamp indicates tha 
through the aorta has not been completely interrupted. The blood pressure m 
may show a variable rise. 
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Wlion the aneatheti^t liaa Ootennined that latent cynnoniw ha« not become ondont as 
a result of ellmlnatinp bloo<l flow throuRli the ductus, isolation of the duct is completed. 
The dissection is proatly facilitated by early mobil{r4ition of the aorta and occlusion of 
the aortic end of the ductus. After olevntiup the aorta carefully by means of the clamp, 
the thin posterior wall of the ductus can be freed from the left main bronchus under 
direct vision. 

The pulmonic end of the ductus la lif^ateil with heavy braided silk and transfixed with 
medium braided silk. The ductus is then divldoii iHJtween the pulmonic ligalnre and the 
aortic clrtarp. The Yngas and recurrent Inryncenl nerves should be retracted to the pul¬ 
monic side of the i>oint of sectioning to avoid injury. These nerves arc then allowed to 
fall Iwtwcon the divided ends of the duet where they will not interfere with closure of tho 
aortic end. Tlie aortic clamp is clevateil and rotated to present the divided end of tho 
duct. This is repaired with a continuous liorirontol mattress suture of OOOOU Doknotol on a 
culled atraumatic needle which approximatrs intlmn to iiitima. The first stitch of this 



•uturo is placed above tho proximal angle of the proposed lino of division and close to the 
proximal jaw of the Potts clamp. Ily placing and tjing this stitch before the duct is 
divided, bleeding which might occur from leakage around the proximal portion of the 
clamp is obviated. The running mattress suture should conform to the curv’e of the aortic 
^11 avoiding creation of an appreciable iwucli in the aortic wall. The closure is reinforced 
with a running glover's stitch over the divided end of tho duct and in the colT created 
ijy the mattress stitch. The aortic clamp is relcaswl slowly. If appreciable bleeding 
occurs, the clamp can be rotightened and additional sutures placed. Ooting through the 
points of needle puncture may occur but will subside spontaneously. 

During the operation tho nneathotist inflates Ihe collapsed left lung at inter^-nls. 
Warm isotonic saline solution is used to keep the pleural surfaces moist. Unless marked 
bicbycardia la present, 3 to 6 c.c. of 1 per cent procaine solution are injected alwot the left 
^agus nerve early In tho operation. Following a final irrigation of the plenral cavity with 
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warm isotonic saline solution, the incision in the mediastinal pleura is loosely approximated 
with interrupted stitches and the chest wall closed in layers while lung expansion is main¬ 
tained with water suction through a catheter placed in the wound. This catheter is re¬ 
moved during the closure of the skin. No drains are used. 


We have used tliis method for division of the patent ductus arteriosus in 
eleven patients. Early in the series one patient succumbed at the time of opera¬ 
tion as a result of hemorrhage. The hemorrhage is attributable to faulty tedi- 
nique. Lacking a Potts aortic clamp of sufficient size to completely isolate the 
aortic end of the ductus, the lip of a veiy large and dilated aoi-ta, which bulged 
from between the jaws of the clamp, was occluded by compressing it with a loop 
of umbilical tape drawn tightly against the jaws. As a result of this iU-adrised 
maneuver the aortic wall -was split, the tear extending rapidly in a proximal 
direction so that all attempts to suture it were of no avail. We would like to 
stress the importance of using a clamp ofappropriate size in each case, believing 
that the tragic outcome in this ease might thereby have been avoided. No mishap 
has occurred during or following surgery in the other ten patients and all have 
remained well. Six of these patients had a soft systolic murmur over the left 
upper chest following operation. There has been no change in the character of 
these murmurs and there have been no other physical findings suggesting re- 
canalization. In one of the six patients an isolated stenosis of the left pulmonary 
artery was found just distal to its ductal orifice and this may be the source of the 
persistent murmur. There has been no apparent correlation between postopera¬ 
tive murmurs and anatomic evidence of pulmonary arteiy enlargement.* 


DISCUSSION 

Use of the Potts-Smith clamp for division of patent ductus arteriosus pro¬ 
vides certain advantages despite the more extensive dissection of mediastinal 
structures required. Mobilization of the aorta has allowed more freedom in the 
development of deep tissue planes about the ductus and in fi'eeing the fibrnus 
bands attached to the posterior wall of the ductus. During dissection of the 
thin-walled duct a measure of satisfaction can be taken from the Imowledge that 
the aoila is mobilized for temporary clamping in case of hemorrhage. After >e 
aortic clamp is closed, tlie dissection can be completed without the danger 
spontaneous rupture from full aortic pressure within the unsupported ua o 
a thin ductus, one whose walls are damaged by bacterial endarteritis, a nc 

*Slnce preparation of this manuscript, ten aUflitlonal patients have findings 

by this technique. One more patient died of hemorrhage. In this not meas- 

suggested marked pulmonarj- hypertension, though pulmonarj- artery nevertheless, 

ured. The left pulmonary artery and the ductus were both enormous in caller. , While 
placement of the aortic clamp and Isolation of the duct were readily nulmonao' 

ligating and transfixing the pulmonary- end of the duct, prior to dividing it, u 
artery- tore and the patient became exsanguinated before Intraperlcardlal isom ,,,pieted. 
pulmonary- artery, and Its temporao' occlusion with a Blalock clamp, couio ^^py In 

While ligation and transfixion will control the pulmonary end of tlie duct sa ^gnr 

most Instances, It Is evident that a vessel of large caliber will be crushed and su j In 

when obliterated by a surrounding ligature, especially- when ligation is penor gpturc of 
Junction with a large tense vessel like the pulmonary artery in this case, rias has 

the pulmonary- end of the duct, as well as the aortic. Is advisable In ^'"prushlng ‘V. 

devised ductus clamps* with prongs which grasp and occlude the vessel without; of 

without danger of slipping. In our most recent case, with a large short ductus, glalodt 

the duct were sutured using a Potts ductus clamp on the pulmonap- onture. T,’'® 

modification of the Potts aortic clamp* on the aorUc end during division ano fhe 

operation proceeded very smoothly. The latter clamp, being-narrower at i^ o , _,i,on 
orl^nal design of Potts, Is more readily fitted to the aortic end of the 
the origin pf the le^t spbclavlap artery is plosp to tliat of tlie ductup artprlpsus, 
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witli nneurj'sninl dilntntion. The period of tempomrj- damping while the dw- 
sectiou is completed allows eonsiderahle time for the dovclopmcnt of latent cyano¬ 
sis in the patient ■nnth unsuspected pulmonic stenosis, although we have .seen no 
ease of this ti-pe where the diagnasi.s could not he made without operation. With 
a clamp of the Potts dc-sign, thci'e is little danger of slipping since the aorta is 
encircled. Any pulsation is transmitted equally to the eneompa.ssing jaivs. In¬ 
spection of aortic segments occluded hy the clamp at operation and in the ani¬ 
mal lahoratoiy reveals no evidence of aortic damage. Occasionally a small .suh- 
ndvcntitial hemorrhage will he seen along the site of application, hut there has 
l)ccn no evidence of trauma to the media or intimn. 

Because of the iteculiar trough shape of the portion of the clamp Isolating 
the diictu.s, a sizable .segment of aorta is e.\c!udcd for suture. Consequently, a 
double row of .sutures can readily I>c placed along the aortic end of the ductus 
at its junction with the aorta. The contour of the clamp should also allow its 
ase for division of verj- short duetuses, where the technique of elamping the 
ductus proper cannot Ite used. A portion of aortic intima and ductal lumen is 
available for inspection, Kvidenee of endarteritis may he demonstrable and the 
sutures may ho placctl accurately in the aortic wall proper. Both ends of the 
ductus can he repaired in such n way that no significant vascular pouch will 
remain at the side of the aorta or pulmonary artery. 

Exijericnce with aide-to-sidc anastomosis of the aorta to the pulmonary 
arteiy indicates that great care must he taken in suturing the aoUa to avoid 
tearing of the friable vessel widl. Of all the great vessels, the aorta seems par¬ 
ticularly subject to tearing, and to ns this harard has seemed greater in suturing 
longitudinal incisions than transverse incisions, as in the resection of aortic 
coarctation. 

The major disadvantage of this method has been that it is sometimes diffi¬ 
cult to place the clamp so that its jaws completely oncii-cle the aorta proximal 
to the ductus. This problem is encountered when the origin of the ductus is 
more proximal than usual so that the clamp must he placed at a point where 
the cuiwature of the aortic arch Is prominent. Placement of tiie clamp is par¬ 
ticularly difficult when fusiform dilatation of the aorta o.xtends proximal to the 
ductus, when the aorta is large and relatively inelastic ns in older age groups, 
and when the origin of the left sulmlarian arterj" is close to that of the ductus. 
Careful dissection of the deeper surfaces of the aorta above the ductus minimizes 
this disadvantage, but occasionally, even with adcfiuate dissection, considerable 
manipulation has been required to place the clamp in position. A damp that 
Is adequate in size to encircle the dilated aorta or suhelnrian origin and has been 
modified to fit the medial cun-e of the aortic arch should eliminate this difficulty.* 
Death of our second patient is ascribed to the use of a clamp which was too small 
to enc ircle a dilated aorta. The excessive manipulation required produced tear- 

rH,,—preparation of thU manuecrlpt. the article of Freeman. Leede. and Gardner 
t ourrc Q- Mj lOJ, 1949) came to oar attention. They have modlBed the Potta aortic clamp to 
certain Glfllcultle* oncountoried In Its neo for ductus division. The Blalock modi- 
icnuon. ns mentioned In a previous footnote, also appears to have definite advantases. 
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ing of the aorta. However, Yotli increasing experience, we feel that the increased 
control and exposure available during dissection of the ductus proper will com¬ 
pensate for any additional risk. 

SmiMARY 

1. A technique for division of patent ductus arteriosus is presented. The 
Potts-Smith-Gibson clamp, designed for the creation of aortopulmonar)- shunt 
by .suture, has been adapted to tlie reverse procedure, divi.sion of patent ductus 
arteriosus. 

2. Application of the procedure is reported. 

We are indebted to Dr. Marvin Schwartz for cardiology consultation and to Dr. Selma 
Hyman for radiologic interpretations. 
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THE ROLE OP BSOPnAGEAL MOTILITY IN THE SURGICAL 
TREATJIENT OP MEGA-ESOPHAGUS 


I. U.vniN* Pi.'PPEi,, JI.D. 

Columbus, Ohio 

T he ACTUAL underlj-iiig jihysioiBitliologj- of mcgn-esoplmgiis is stiU a 
matter of uncertainty in fi))ite of much work done and many theories set 
forth in an attempt to understand the prohlcm. There have existed three great 
scliools of tliought regarding tlic pathologic phj’siology of mega-esophagus. 
According to the thcorj’ of nehnlnsin''“ which has been generally accepted by 
many modem workers,inegn-esoplmgiLs is due to a lack of relaxation of the 
cardiac sphincter which nonnnily oceui-s'' when each peristaltic wave eonvejdng 
food through the esophagus reaches it. In support of this thoor 3 ' ate the findings 
of Rnke,'° Cameron," Heattie," Etzel," Lendnim,” and others who have demon¬ 
strated degenerative changes in the ganglion cells of Auerbach's (myeuterie) 
plexus. When the myenteric plexus is partially or wholly destroyed, such ns 
rvns done by Tamiya and Taniura.'” the csophngns Ireeomcs iriTgulnrly active 
and later guiet, and the cardia fails to open normally in response to an oncoming 
bolus of food. On the basis of exiterimcntnl work and ns a result of clinical and 
post-mortem obsen'ntion.s, Etzel'" came to the conclusion that the degeneration 
in human beings is due to a chronic ritamin B, deflcicney. The achnlnsin theoiT 
explains that the di.seasc is produced b.v disturlMince ui the nerve-muscle mech¬ 
anism of the cardia. This is dependent upon degenerative changes in the vagni 
nerve supply which result in an inability of the circular muscle to relax due to 
preponderance of sjanpatbetic control. 

Knight” has concluded from his c.xjtcrimcnts on the cat that there exists a 
tiuc functional esophageal .sphincter at the cai'dia. A condition resembling 
cardiac achalasia”'*” can bo produced in some animals by complete or partial 
bilateral vagal section, which Ls relieved by subsequent division of the appro- 
pnato sjTnpathetic fibers.'* Iriirthcnnoie, simultaneous division of the sym¬ 
pathetic nert’es preventeel this condition.” Following the double deneiwation 
there occurs eventually a nonnal movement of food after temporar 3 ’ disturb¬ 
ances.” On the basis of these experimental findings dirision of the sj’mpathetie 
non'es has been carried out for cardiac achlosia in man \vith some promising 
results’”-” hut certainly not always with relief to the patient,’* so tlmt it seems 
that it is still better to dilate the asophagus and later, as necessary, to cut the 
sphincter in a manner such as by esophagogastrastomy of the Finney tj-pe. There 
IS a wide origin of the smipatbetie fibers which supply the esophagus,’*- so that 
some of the failures of sj-mpathectoray may have been due definitely to incom¬ 
plete sj-mpathotic donciwation of the affected esophagus. 

■Among the many other theories, Mikulicz” and Hnss,’* as weU as others, 
popularly contended that the dilatation of the esophagus occurred secondary to 
a true spasm of the cardia. Carlson, Boyd, and Pearoy” confirmed and extended 
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Openehowski’s®'’ observations on the reflex control of the cardia and lower 
esophagus, which laid the groundwork for the possible existence of cases of 
clinically true cardiospasm. However, Jiecause of the poor results obtained bv 
various surgeons^^"®^ after bilateral Amgotomy for idiopathic mega-esophagns, 
it was generally agreed that this procedure is not justified because its rationale 
is apparently based on a false premise. 


The third group, including Sauerbinch and von Hacker,^“ Jackson,’® and 
HiU®^ among others, widely advocated a phrenospasm as the underljdng cause 
of the condition. However, the oliservation of obstruction above and below the 
diaphragmatic cmra appeal’s to iule out the possibility of their malfunction as 
a cause of the sj'mptomatology.’'® Because gastrointestinal difficulties sometime 
follow unilateral phrenicectomy, Ballon, Wilson, Singer, and Graham’® in¬ 
vestigated the condition of the esophagus and stomach after this operation. In 
the two cases of mega-esophagus to be reported here, the obstruction also occumd 
above the diaphragmatic crura. Purthennore, in spite of arrest of movement 
of the left leaf of the diaphragm follmidng phrenic crush during transthoracic 
exploration, the esophageal hiatus, which was normal and more than adequate 
in size to transmit the constneted cardiac end of the esophagus, did not increase 
in size as might be expected if the so-called cardiospasm were due to a phreno¬ 
spasm. Diidsion of the diaphragmatic crura’’'’’ and phrehicoexeresis’^ were 
accomplished by many but unth unsatisfactory effects, so that these procedures 
have been generally discontinued as independent methods of treatment of mega¬ 
esophagus. 

To the surgeon the problem of the underlying pathologic physiologj' of 
achalasia is a matter of importance. Manj’' surgeons, including Oehsner an 
DeBakej',®® have noted that even after adequate esophagogastrostomy the esoph¬ 
agus frequently does not return to its nonnal size, as the stomach irturns to a 
normal size following the surgical relief of hypertrophic pyloric stenosis. 
and his associates'*® stated that although good fiuictional results are obtain , 
retrogression in size of the dilated esophagus after esophagogastrostomy shou 
not be expected. The problem of the underljdng physiopathology of achalasia 
is further important since, we are convinced, the late postoperative clinical en 
results, even though good, are frequently not as pleasing when the esophagus 
I’emains atonic and dilated. 


Recently we had an unusual opportunity to study this problem since w 
had noted similar phenomena foUoAving adequate esophagogastrostomy, as e 
mined by satisfactoiy relief of sjTuptomatology, by the barium swallow wi ^ 
Trendelenburg position test, and by postoperative esophagoscopy. 
methods of determining the functional behavior of various parts of the esop a?* j 
heretofore, have been so equivocal and inadequate, we have felt that esop g 
motility studies by the balloon and kymograph method may be of help m so 
this problem. We have made esophageal motility studies of three normal 
under varying conditions and of two patients foUowng esophagogastros o 
in the treatment of esophageal achalasia. These data indicate that the in rin 
motility of mega-esophagus varies greatly, being often irregular, uncooi ma 
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niul iiiofFeetive, nnd tlmt it niny be entirely absent, thus disclosing that a dis- 
turl)ed ])oristnl3Ls or even total motor paralysis of the whole esophagus is present. 
AVo now AHsh to present the clinical and esophageal motility studies together 
with a detailed correlation l)etwccn these two phases of the work. 

EXPERIMENTAL METHODS 

An ofi^ily find mnrkodly strong bnlloon mii» fittncheil to nn Elnhom tube in the 

u^ual mnnner. In order to determine necnmtely by fluoroscopy nnd by x-my film rtndioa (Fig. 
1) the position of tld^ bnlloon In tho OMplmgus, we contcil its inner lining with a radiopaque 
inntcrinl, Itugnr. 



bf po*llion of the Rupar-IIncd bnlloon In tlio ewophncUJi won etully determined 

x-ray film study. In thin imtlont (O. P.) with nchalaela. aa for normal 
® baJloon could bo inflated only allghtly without reeultlng In pain. A declutltlon 
ivna le*a than normnl, was olmoat conatnntly prcacot, aa menaured by on almost 
—pull on the Elnhom tube. B«>phac«nl fluid collected over the top of the balloon 
en the latter >s*nB held In one position during nn experiment. 

After placing the balloon, in the doalrcil jKU'lllon, tlio tube wub connected to a bromofonn- 
trater manometer (Fig. 2). The balloon wna never Inflated to mich an extent that It acted aa 
an ohstmeting agent but rather aa the usual bolus of solid fowl. In order to keep the distance 
from the indeor teeth to the balloon constant daring any one experiment It ^ns necessary to 
anchor the Einhom tube securely to the jmtlent’s face with adhesive. This was done to coun¬ 
teract the constant pull on the Einhom tube due to tho constant attempt, by the muscular con¬ 
traction and peristalsis of the normal esophagus, to force the Iwlloon onward into the stomach. 
Oliservations were made in each person at three levels of tho esophgus; tho upper esophagus, 
aWe the aortic arch; the middle of the esophagus; and the lower esopliagus, just above tho 
diaphragm. 

At the beginning of each experiment the balloon was inflated to the desired pressure 
of bromoform. The time and motility were recorded by a slowly revolving long kymograph. 
The inkwriters for the electric automatic tinier, which recorded every ten seconds, and for tho 
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manometer (Fig. 2) were eomposed of Monel metal, were sensitive, and recorded beautifnllv 
in ink* the time and tlie motor activity of any part of the esopliagogastrointestiaal tracts 
The apparatus (Fig. 2) is easily assembled and much less fragile tlian former recordiag ap¬ 
paratus. With this apparatus the recording of motility is as easy as the recording of the 
basal rate of metabolism by the Benedict-Koth apparatus. 



Fig- 2.—Apparatus useful for motility studies of the digestive tract. The 

the electric automatic timer and for the manometer are composed of Mone 
apparatus Is easily assembled and much less fragile than former motility recoramg hi— 


Bach experiment was made in the postabsorptivc state under basal conditions. 
tion obtained by barium swallow and by the observed clinical effects upon the inflat 
was complementary to that obtained from the kj-mograms. The data considered toget er 
adequate conceptions of tlie action of the musculature of the esophagus. 


ESOPHAGEAL MOTILITY STUDIES OF MEGA-ESOPHAGUS 

The clinical, radiologic, and esophagoscopie progress, ns well as the esophageal 
of two patients with mega-esophagus, was studied during a period of from one and one 

•The paper and Ink were obtained from Warren E. Collins, Inc., Boston, Mas-. 
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two nnd one-hnlf venir following csophogognstrostoniy of the Finney tjifK?. The protocols may 
bo reviewed briefly ns follows; 

Protocol of 0. T., Ko. 4G0O7S .—Tho juitlcnt, n white schoolgirl, 17 years of age, first be¬ 
come nunro of difficulty in swallowing in 3037, at 0 j-enrs of ngc. She was known os “grave¬ 
yard" at 15 years of ngc because she was almost five feet tnll nnd weighed only 50 pounds. 
Because of her symptoms she followcfl a wry |K)or nnd cnpricious dietary regimen. She had 
had carious teeth for years. 

Physical oxnminntion disclosed tho patient to be well develo])ed but emaciated and 
nilhcnic. She was five feet two Inches in height but weighed only 60 pounds. There wore 
many markedly carious tooth. Most of tho reflexes wore moderately hj’peractive. 

The usiial laboratmy* teats wore negative. Fluoroscopy ns well ns x-ray film studies (Fig. 
3, J) of tho esoplingUH during Imrium swallow on Oct. 4, 3945, revealed evidence of 

achalasia. Radiography of the colon revealed it to Im? atonic with a tendency to mogncolon.*i-«o 
Esoplingoscoj)y on Oct. (3, 1945, showed tho esophageal nmcowi to be of a noniml pink color. 
The enrdia at times could l»e seen to relax but never enough to admit tlie scope. Buring wth- 
drawnl of the scope, areas of spjiatic constrictions were seen to come nnd go along the esopha¬ 
gus. These were so marked that they pro<lui*od a tight gripping of tlie scope both on introduc¬ 
tion nnd withdrawal, indicating actual simsm. Alvnrer.^o theorited that this phenomenon is 
moat likely due to the jrathologic clianges in tlie mj*enteric plexus which led to the unco- 
onlinatctl irrogulnr contraction of the esophageal musculature. These procedures revealed no 
evidence of organic obstruction. 

Conservative treatment for achalasia using a woll bnlanced diet, psychotherapy, anti- 
spasmwlics, and frequent dilatation with an Elnhom dilator wos tried for three months, with 
only temporary nnd partial benefit. Ocarionolly the patient could keep down on entire moder¬ 
ately large meal, \\1dlo eating she would fool the csoplmgus fill up until she vomited approx! 
matoly one cupful of undigested f<KMl. There mis necompaning pain in tho region of the 
larynx severe enough to enus^' Incrlnmlion. By drinking wntor nnd forcing it down she was 
able to force solid foods into the stomach. She fitvioently became veiy hungry. There wns no 
gain In wolgiit. 

She therefore entered Uniwrslty Hospital on Jnn. 3, 1940, when a transthoracic cardio 
plasty was made, follouing a tcchnlquo similar to that for Finney's pyloroplasty, using an 
inner tier of chromic catgut and an outer tier of interrupted Hoisted mattress sutures of fine 
black silk. Four finger tijw could Ik 5 inscite*! easily tiirough the new ptoma. Usual recon¬ 
struction withoot dnilnngc >vos cnrrie I out. 

The esophagus was found to ])c greatly dilated throughout its wliolo length until it 
reached the cardiac end where it suddenly became constrictc<l to about 1 cm. in diameter just 
alfove the crurn and continued in tills constricted fashion througli the esophageal Ivintus. There 
was no evidence of muscular enlargement nt the rnrdln. Thom were no other local gross ovl- 
dencea of abnormality of tlie cardin. The esoplmgcal hintus wns more than adequate in flixe 
to palpation for tho passage of the esojihngiis. A phrenic crush was done and tho esoplingoal 
liiatns wns again jmlpated but wns fonnd not to have changed npprccJnbly in sixo or shape. 
Tlie disoaae in this one patient would appear not to ha ^'0 been due to a phrenospasm, 

Tlie poatopemtivo course wns smooth. She was discharged on the twenty-first postopera¬ 
tive day on a regular diet. Subsequently she suffered none of tlie former symptoms. Her 
general lienlth was greatly improved. She had gradually gained weight to tlio present 93 
poimdi. 

Protocol of M. J., Ko. 46514S .—Tho patient, a colored man, 20 j-ears of age, entered Uni- 
^rsity Hospital on Jnly 23, 1940. He sustained the first attack of vomiting nnd dyspnea ton 
rears previously. The vomitus consisted of undigested food which frequently had n sour taste 
and at times a foul odor. Daring the three to four years before admiaaion vomiting had be¬ 
come more severe and occurred nt least once after each mcah Nausea seldom was associated. 
A feelmg of fullness of the chest and palpitation often followed a meal. Tliere Imd been a 
loss of about fifteen pounds during the tlireo months prior to admission. 
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Physical examination disclosecl a cheerful, colored man. He was ivell developed but un¬ 
dernourished. The teeth were carious. TJie reflexes were for the most part hypoactive. 

The routine laboratorj*. tests were negative. Hadiographic study of the chest (Fig. 5 j 
and B) showed the tj-pical evidences of achalasia of the esophagus. Esophagoscopy revealed 
a pale granular mucosa. The esophagus was tremendously dilated, tortuous, and in folds so 
that examination was not entirely' satisfactory'. No organic basis of obstruction of the cardia 
was found. 

Conservative measures, including repeated attempts at dilatation with an Einbom dilator 
were unsuccessful and uncomfortable. It was therefore felt advisable to treat this intractable 
achalasia by a transthoracic esophagogastrostomy. 

The usual preoperative measures were followed, including use of penicillin, sulfnsuiadine, 
daily' lavage of the esophagus, a liquid diet, and adequate additions of the usual vitamins. 
Under general anesthesia, using Pentothal Sodium intravenously for induction and cyclopro¬ 
pane, ether, helium, and oxygen intratracheally', a transthoracic cardioplasty of the Finney 
type was carried out, using an inner tier of catgut and two outer tiers of fine black silk. Four 
finger tips could be inserted through the new stoma. Penicillin was used locally. Stomach at- 
tacliments, repair of the diaphragpn, and closure of the chest wound were made in the usual 
fashion. Drainage was not used. 

The pathology' was merely an exaggeration of that’found in 0. P. At the constr.-’.tcil area 
there was no hypertrophy of the muscularis layers and no evident pathology of the mneosa. 
The muscularis layers as well as the mucosa of the hugely' dilated portion of the esophagne 
were greatly thickened. 

The postoperative period was entirely' uneventful. Soon after discharge on the four¬ 
teenth day he began to eat a regular diet. He gained twenty-five pounds in body weight dur¬ 
ing the first year after operation. 


RESULTS AND DISCUSSION 


Three normal persons served as controls. They were studied under varj'- 
ing conditions over many hours. The chai'acter of the intrinsic motility of the 
normal esophagus A'aried greatly not only from pei*son to person at the same 
level of the esophagus but at various levels and at Amrious times at the same 
leAml in the same person. Normally, hoAA'eA'er, changes in the character of t e 
breathing produced no appreciable change in the tjToe of tracing (Fig. 6, uppj 
AA'hen the intiinsic motility Avas vigorous enough to result in good deglutition 
effect. 


In the normal esophagus, the balloon could not be distended Avith ^ 

40 e.c. of air, the amount depending upon the location of the balloon an ® 
ty^e of person, AA'ithout producing pain. We agree Avith Jones''® that su 
distention of a local segment of the esophagus Avas much more likely to pro 
a painful sensation than the more gradual introduction of air through the e 
into the balloon. In our patients, also, the localization of the discomfort 
usually shai’ply defined substemally and corresponded fairly' closely ah 
actual level of the balloon, jilost subjects complained of an uncomfoiiab e 
ness in the upper portion and more frequently' of a burning sensation as 
balloon Avas inflated at the loAver leA'els of the esophagus. These sensations we 
sometimes localized in the back and rarely' in the neck or face. 

Normally thei’e occurred almost a persistent intrinsic esophageal motil^^^ 
Avhich Avas elicited by a nonpain-producing inflated balloon held m p ac . 
adequate anchorage of the tube. This balloon therefore acted as a liolus o o 
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The motility Avas active, responsive to stimulation, well coordinated, and effective. 
It produced powerful peristaltic waves and an excellent deglutition effect which 
was noted as a strong, peraistent pull on the Einhorn tube even Avhen the subject 
was placed in Trendelenburg position. This tracing (Fig. 6, upper) was typical 
of the lower esophagus (34 cm. from the incisor teeth) of R. E., a normal subject 
40 years of age, as taken on Dec. 31, 1947. The balloon was slowly inflated ivith 
30 c.c. of air, which was the maximum which could be introduced without causing 
pain. The shalloAV notches superimposed on the intrinsic contractions represent 
transmitted respiratory (so-called esophageal respirations) and vascular (so- 
called esophageal pulsations) movements. 


mal Held Deep 

Breat h Sreathin^ 


Normal Breathing 


One minute 

^.1 .. .1 . - 1 ,, 

1 . 1 .1.1 

— 1-1. 1 ■■ 1 ....1,-^ 

Normal Breathing 

Deep Breathing 

Held 

Breath 

Normal BreathiDl 



Achalasia 

Pig. 6.—Tracings of esophageal motility of a normal person (upper) and of a 
with achalasia (lower). - mnoer) prod^*^ 

The tall, regular, and frequent contractions of the normal esophagus uva jjreath- 
powerful peristaltic waves and a strong deglutition effect. Changes In characier ggophagus- 
Ing produced no appreciable change In the character of the Intrinsic „,,n„.ed contmy 

In marked contrast to normal, the esophagus (M.J.) of achalasia ("P'® „rcd b>' 

ous absence of Intrinsic motility and no deglutition effect was produced as me respjf®' 

sence of a detectable pull on the Elnhom tube. This tracing represents Mopn ^ WTien 
tlons which are synchronous with and due to the respiratory movements oi me 
respiration was held there were no esophageal movements. 
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The number of contractions whicli occurred normally rnried greatly from 
one cverj- three miniitca over n short duration to an nverage of seven eveiTi' 
minute over long periods of time. 

The amplitude of the normal contractions also varied greatly from short 
periods of fcehlo ones of less than 5 mm. of hromoform to long periods of tall 
ones averaging 7.5 em. in height. The contractions of frequent occurrence and 
of rtgorous elmraetcr svcrc accompanied hy the strongest deglutition effect. 



, *•—Achalnila (lU.). When the patient was Id the upright position, no matter 

in wbat portion of the caophagua wo placed tlic balloon It nlrvuya Ooated to Uio top of the 
CMpnageal fluid Juit as tho balloon wa^ Inflated. This was In marked contrast to the nor- 
to O.P. No deglutition effect was produced on this balloon even when It was Inflated 
JO the point of substemal pain and well airalnst tho well of tho huprcly dUnted ceophagris. 
This necessitated Introduction of 500 c.c. of air. 


The administration of atropine sulfate, %,n) gr. auhcutaneoasly, to normal 
subjects produced in a short time a definite period of relative quiescence mth a 
RPcat decrease in the number and height of coutraetions. A decrease in tlie 
deglutition effect accompanied. Adniini.stration of urecholine, 5 mg. sub- 
cntaneonsly, to a normal person produced a diametrically opposite effect. 

We operated on tho two patients with megn-esoplingus included in this study, 
not as an initial proceduro hut oidy after so-called conservative measures, such as 
psj'chotherapy, medical therapy, including vitamins and autispasmodics, and 
repeated dilatation of tho cardia hy a dilator had failed to give adequate relief 
flfter a reasonable trial. A type of csophngogastrastomy was employed similar 
to Finney’s pyloroplasty and the technical end rcstilt of tho operation is illus¬ 
trated in Pig. 8. As explained previously, observations dining operation revealed 
no evidence that the mega-esophagus was duo to n phrenospasm. 
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The clinical result was good for both patients. Vomiting no longer occurred 
after operation; the dysphagia, if present, was minimal, and the chest pain and 
dyspnea disappeared. Both patients gained body weight quite rapidly and main- 
tained a good nutritional balance. The presence of an adequate stoma in each 
case was demonstrated by the good clinical end results as well as by esophago- 
scopic obseiwations. Yet, peristaltic deglutition as observed by use of the fluoro- 
scope revealed this function of the esophagus much more active, coordinated, and 
responsive to stimulation for one patient (O.P.) so that it was difficult to obtain 
a good film of the esophagus (Fig. 3, C) because of tlie rapid emptying of thick 
barium on Julj'" 22, 1948, two and one-half jmars folloudng operation. Similar 
fluoroscopic studies showed the other mega-esophagus (M. J.) was atonic, and 



Fig. S .—Kepresentatlon of the operative end result. 

unable to evacuate its contents properljr, so that an x-ray film (Fig- h, D) 
Feb. 1, 1949, two and one-half yeara after operation, still showed the 
of an IS cm. esophageal fluid level. Furthermore, over tlie same length of ™ 
postoperatively, the esophagus gradually returned to a normal size by Jw > 
1948, in one patient, 0. P. (Pig. 3, C), while the hugely dilated esophagus of 
(Pig. 5, D) did not appear to reduce in size appreciably by Feb. 1, 
its deei-ease in size following adequate preoperative decompression. The 
phenomena have been noted by many sux'geons'’^’ foUowhig what seeme 
an adequate eardioplasty in many cases of mega-esophagus and even aftei su 
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ccssfnl dilntfttion o£ tlic cni'din. Jnekson’* staled that SAinptomatic relief is 
obtained by dilatation, but the assoeintcd diffuse mepn-esoplinRUs is pennaucnt. 

To onr knowledge the latter phenomena have not been adequatoly explained. 
The problem of the underljdng physiopnthologj' of nclmlasia is further important 
since, tve are convinced, the late postoperative functional end results on careful 
inquirj' arc frccpienlly not as pleasing when the esophagus remains atonic and 
dilated. For instance, the patient (Jl. J.), who luid the persistent mega-esopha¬ 
gus ijostopcmtively, complained of inability to oat rapidly because on rapid 
eating there developed a sensation of nausea and of temporarj- holdup of food in 
the esophagus. The esophageal contents slowly emptied into the stomach, and it 
was only through alow eating that he was able to remain sj-mptomless and to 
reach and maintain a nonnal nutrition. Tho other patient (0. P.), who ob¬ 
tained postoperative clinical, physiologic, radiologic, and csophagoscopic end 
results practically approaching the normal, was able to cat rapidly ivithont symp¬ 
toms. Hfueh thought has also been given to the question as to whether mega- 
esophagus represents in some cases a complete motor ]>nndysi.s of this structure. 
Wo have, therefore, made extensive investigation.s of the esophageal motility of 
two patients Avith achalmsia and have compared these findings with those obtained 
of tho normal e.sophagus. 

We have made .several motility studies, each lasting a few horns, at various 
times from twenty-two to twentj'-six montlrs after adequate csophagogastrostomy 
for 0. P. The balloon was inflated with 20 c.c. of air, which was the most that 
this patient would tolerate without resulting in substcnial pain. They shotvetl 
almost eontinuous periods of irregular contractions of variably low amplitude 
and infrequent oceurrenee (Fig. 4). Esophageal respiraiinns were prominent 
in this achalasia traeing (Fig. 4). 

Tho number of eontractions (0. P.), tvitb tho inflated balloon hold in con¬ 
stant place and acting as a bolus of food, i-aried from one overj- three minutes 
over a short duration to four cvciw- minute over long periods, tho average lieuig 
one-half the normal. 

Tho amplitude of the contractions (O. P.) also varied greatly but not ns 
much ns normal The contractions varied from a few veiy shallow waves to 
frequent ones of an average of 2.5 cm. (bromoform) tall. Their amplitude aver¬ 
aged 000-1101x1 tho normal. As in normal pcisons, contractions of more frequent 
occurrence and of greater amplitude were accompanied by a lictter deglutition 
effect. 

The administration of atropine sulfate. Vino gr.. sulicutmieously, to 0. P. 
abolished the intrinsic actiiuty to a great extent just ns for the normal esophagus. 
During this period tho active deglutition effect was practically abolished. Ad¬ 
ministration of urecholine, 5 mg. subcutaneously, produced a diametrically op¬ 
posite effect wdth establishment of vigorous contractions wliich produced so much 
pain on contracting over the Inflated balloon that tho air had to lie released, and 
the balloon was taken into the stomach. 

AVo made several studies of tho movements of the esophagus over many 
hours, seventeen to twenty-nine months following adequate csophagogastrostomy 
for 51. J, They showed complete aliscnce of tlie motor function of the esophagus 
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(Fig. 6, loiver) and no peristaltic activity was produced .as measured.by the 
absence of a detectable pull on the Einboi'n tube.carrying the inflated balloon. 
When the patient was in the upright position, no matter in what portion of the 
esophagus we placed the balloon it always floated to the top of the esophageal 
fluid just as the balloon was inflated (Fig. 1) . This is another evidence of the 
absence of peristalsis of the mega-esophagus of this patient. These finduigs are 
in sharp contrast to the nonnal or to the findings (Fig. 1) in the other ease 
(0. P.) of achalasia presented herewith. Esophageal respirations, wMch are 
syuichronous with and due to the respiratory movements of the chest, are out¬ 
standing (Fig. 6, loiver). They vary^, as is readily appreciated (Fig. 6, lower) 
with the character of the respiration and are due to changes in the degree of the 
negative intrathoraeic pressure. With increasing in.spiration there occurs an 
increasing negative intrathoraeic pressure, an increasing inflation of the balloon, 
and an increasing inrush of air from the manometer closed system into the bal¬ 
loon and a production of the lowest level of excursion on the kyunogram at the 
point of deepest inspiration (Fig. 6, lower, deep breathing). Certain patients 
■with achalasia, unknovdngly use these mechanics as an aid in overcoming the ui- 
creased resistance at the cardia by taking a deep breath, placing the chin on the 
chest, and increasing the intrathoraeic pre.ssure and thereby the intraesophageal 
pressure by a forced expiratory effort against the closed glottis and closed crico- 
pharjTigeal sphincter which work normally in achalasia, as shovm by othere as 
well as by our eases. Contrary to these findings, it was felt heretofore that 
peristalsis occurred normally in tlie colossal mega-esophagus®'* but that it was 
ineffective in deglutition because the bolus of food was not large enough to be 
grasped by the hugely^ dilated esophagas. 

When the patient is placed in Trendelenburg position after barium swallow, 
the barium rushes freely^ into the esophagus from the stomach in the patient in 
whom the function of the cardia is interfered witli by' resection of the esophago¬ 
gastric junction as for carcinoma of the lower esophagus or by a Finney type o 
cardioplasty' as for esophageal achalasia. This backward rush is suddenly .stopp 
by the cricopharyuigeus sphincter so tliat regurgitation does not occur. Thk 
condition offered an admirable opportunity' to observe the almost continuous an 
presiunably' normal esophageal peristalsis in a patient 75 yeare of age who was 
symptomless two and one-half years after I had performed a radical esophago- 
gastrectomy' with a low esophagogastrostomy repair in the treatment of a 
squamous-cell carcinoma of the lower esophagus. These studies revealed t a 
normally true peristalsis of the esophagus consisted of a wave of contraction 
passing along the esophagus at a fairly rapid speed. This wave was strong an 
frequently propelled the heav'y' barium contents uphill before it for 5 to 8 cm. 
from the cricopharyngeus and at times for the whole length of the esophagus- 
Thus it emptied completely' the esophagus of its barirun contents as the contiac 
tion proceeded. There occurred no detectable leakage of barium into the con 
tracted area of the esophagus until the contraction wave came to a stop, at w 
time relaxation of the whole esophagus allowed the barium to rush again to ' 
ci’ieophai'y'ngeus and the process was repeated. These peristaltic waves occu 
more frequently' and were more effective when the patient attempted to s^va 
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voluntarily. Tlio peri.staltic waves of the csopliajfus did not conform to the 
clas-sio description of j)eri.stalsi.s ns set forth by BnylLss and Starling,*'-^" Tlie 
wave of contraction was not preceded hy n detectable wave of active relaxation 
and enlargement ns concluded by Bnyliss and Starling to receive the onllowing 
radiopaque barium. Thi.s conforms to the recent work of McLaren*” who reached 
conclasions similar to ours after the ingenious iLse of roentgenkymograph.v dur¬ 
ing barium swallow with the patient upright. Nor did suction action of the 
third phase or tho squirting action of the phnri.'ngcal ])hnse of swallowing*”'*” 
play an appreciable role in esophageal .swnllomng normally when the patient was 
in Trcndclcnlmig position. Xominlly, the propul.sion of esophageal contents is 
therefore dependent to n great extent upon an cffe<-tive peristalsis. 



. 9.—The boluw of thick Imrlum (.1) In'lng iwnJlowetl b>' M.J. while In acute Trcn- 

nelenburg poaltlon took n normal courac to enter tho eaophageal pool (O) -nithout apDlage 
from the pool Into the phnrj'nx. 

Further inquirj' into the movements of the esoitliagus in achalasia in a pa¬ 
tient (0. P.), in whom postoi>erativcIy the esophagus appeared to return to near 
normal clinically, radiologically, and csophago.scopically, revealed an irregularity 
and a great decrease below normal in the strength of tho peristaltic waves. In 
tho Trendelenburg position the barium contents rushed rapidly against tho crico- 
pharjTigeus sphincter. The wave of contraction was weak and usually produced 
a feeble undulation of the esophagus. Tlie barium contents were never propelled 
uphill before it for over 2 to 3 cm. and this occurred only when attempts were 
made to sivallow voluntarily. The barium contents were never doteetably emptied 
mto the stomach during Trendelenburg position. 

In a patient -with achalasia (M. J.) who received less anatomic benefits from 
rsophagogastixjstomy than 0. P., there occurred at no time discernible peristalsis. 
The baiiimi meal, whicli collected against the crieopharjugcal sphincter during 
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Trendelenburg prison, lay there like water in a stagnant pool. This is similar 
to the decreased motor activity of the stomach which is at times seen following a 
vagotomy.®^ This lack of peristaltic deglutition to aid Magendie’s classical third 
stage of swallowing indicates undespread vagal paralysis of the esophagus. It 
may represent an underl;)nng primary physiopathologic mechanism; yet it could 
constitute a secondary alteration of the physiology of the whole muscular tube 
based on an advanced complicated stage of the disease. Interestingly enough, 
barium swallowed by M. J. while in acute Trendelenburg position took a normal 
course to enter the esophageal pool of barium wnthout detectable spillage from 
the pool into the pharjnix (Fig. 9). These motility and radiologic findings in 
achalasia are similar to the findings which I shall publish later"^ of two other 
patients with achalasia studied preopcratively. 

Our patient, M. J., with achalasia sustained definite pain when a segment of 
the esophagus was stretched by an inflated balloon. It is reasonable to believe 
this another indication that the sAunpathetie innervation remained intact.*’ 
These data contradict the earlier consensus that pain in achalasia is conveyed by 
vagal afferent fibere as the problem was reviewed in 1930.®’ 

These data suggest that we revi.se present views concerning the extent of the 
esophagus involved in achalasia. They indicate that the condition is not localized 
necessarily^ to the cardiac end of the esophagus, as is frequently stated l)y many 
authorities, but that functional abnormalities may often involve the whole lengtii 
of the esophagus. These findings emphasize that our views of the extent of the 
cardiac operation must be lietter fonnulated as well as the postoperative treat¬ 
ment of the late functional condition improved in certain cases in an attempt to 
olitain a more normal functional end I’esult.. 


SUMMARY' AND CONCLUSIONS 

1. Three normal persons served as controls. They were studied under vnn- 
ing conditions over many hours. These studies show that organized frequent con 
tractions of good amplitude are related normally with effective active peiistalsis 
of the esophagus and play an outstanding role in Magendie’s third stage o 
swallowing. 

2. For two cases of intractable achalasia of the esophagus, a type of bans 
thoracic esophagogastrostomy was employed similar to Finney’s pylompasy 
Observations during operation revmaled no evidence that the mega-esophagus wa 
due to a phrenospasm. 

3. One of the patients with achalasia showed the nearest return of dm 
esophagus to normal clinically, physiologically, radiologically, and esop Hd 
scopically that we have observed follounng esophagogastrostomy. Motilit.v s u 
disclosed almost continuous periods of irregular contractions of infrequent occur 
rence and variably low amplitude. The contractions were not well organize , so 
that minimal strength of peristalsis was produced as measured by minima p^u^ 
on the Einhorn tube cari-ydng a balloon inflated lightly against the vvaU o 
esophagus. However, the contraction waves had sufficient power to foice 
balloon into the stomach and the deglutition effect was strong enough to pro u 
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vcrj- good cmpf.ving of Iho csoplmgus tlirougli tlic Ini'gc opcrntivc stoma when tlio 
jMilicnt was in tlio upright position. On the other Iinnd, emptying of the esopha¬ 
gus wns not apprcciiilde in the Trendelenburg juisition. As in normni poisons, 
contractions of more fre(]nent oceurrcnco and of greater amplitude woi'e nceom- 
pnnied by a bettor deglutition effect. 

4. Another patient with nchalasin gained about as much amelioration of 
symptoms following csophngogn.stroslomy and yet the hugely dilated esophagus 
decreased but slightly in size over a period of two and one-half years followuig 
operation, a condition which has licen noted by other surgeons. Kadiologically, 
the esophagiLs was unable to evacuate jiropcrly its contents so that an esophageal 
fluid level persisted. Sfotilily studies showed continual nb.scncc of the motor 
function of the esophagus, and no peristaltic activity was produced as measured 
by the ab.sence of a detectable pull on the Einboni tube. 

5. Patients whoso function of the caitlia was alwlishcd b}' operative pro¬ 
cedures offered an admirable opportunity to ob.sen'c the movements of the esoph¬ 
agus for the reason that when placed in Trcnilclcnbiirg imsition after barium 
swallow the barium rushed freely into the esophagus from the stomach to be 
.stopped suddonl}' by the cricopharyngeal sphincter so that reguigitation did not 
occur. The normni movements of the esophagus of a patient thus studied two 
and one-half years following c.vcision of a carcinoma of the lower esophagus fre¬ 
quently emptied the esophagus of its barium but did not conform to tlie classic 
description of iicristalsis, .since the wave of contraction was not preceded by a 
wave of active relaxation. In achnlasia the movements were uncoordinated or 
absent and the .strength of the contraction wave was greatly decreased below nor¬ 
mal or absent, so that the o.sophngus in Trendelenburg position was never appre¬ 
ciably emptied of its barium, 

6. Information obtained by barium swallow and by obscn-cd clinical effects 
on the inflated balloon which acted as a bolus of food was complementary to that 
obtained from the esophageal motility studies. The data considered together 
gave adetiuate conceptions of the action of the musculature of the esophagus. 
These data indicated that the intrinsic motility of mega-esophagus varies greatly, 
being often irregular, uncoordinated, hyporcspon.sivo to stimuli, and not com¬ 
pletely effective. In fact the intrinsic motility may be cntirclj- aljsent and com¬ 
pletely fail. This differs from that of the organie obstructive lesions of the 
esophagus in whieh there occurs usually a normal motility or a hypermotility 
but rarely even a hj-pomotility, depending upon the degree of obstruction and 
the stage and complications of the organic disease. Achalasia of the esophagus 
also differs from true esopbagospasm in which there may occur a hypermotility. 

7. A disturbed peristalsis or even total motor paralysis of the whole csopha- 
Pis may l)c present in this disease. The latter is the luidorh-ing factor which 
explains the inability of the esophagus to return to normal size folloudng an 
adequate csophagogasfrostomy. It may also explain some of the failures of this 
oi)eration. Our studies indicate that the stoma must bo made sufficiently large 
and constructed in sucb a manner as to offer tlie least resistance to gravitational 
onflow of the esophageal contents into the stomach since the factor of peristaltic 
force is here diminished or even abolished.- 
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8. Our data indicate that the disease is not localized necessarily to tlic 
cardiac end of the esophagus as is commonly believed, but that functional abnor¬ 
malities may often involve the entire length of the esophagus. 

9. It seems irrational to use a member of the atropine series in the treat¬ 
ment of true achalasia since atropine sulfate produced a further depressant 
etfect on the esophageal motilit}'^ and peristalsis. Atropine, however, does de- 
ei’ease the amount of salivation which may result in sj’mptomatic relief. Our 
data indicate that a sjunpathicolytic dnig such as ergotamine or Priscol and a 
drag which has the peripheral effects of acetylcholine, such as ureeholine, are 
worthy of a reasonable clinical trial in the conseiwative treatment of achalasia 
and in certain cases in the adequate postoperative treatment of the patient. 

10. Nonnal aeeurac}’ of localization of the inflated balloon is generally 
pi’esent in achalasia so that the sensory supply^ presumably remains undisturbed. 
Recent data eontradict the earlier consensus that pain in achalasia is conveyed 
by vagal afferent Abel's. 

11. These newer observations offer further evidence for and are compatible 
with the general theory of achalasia as an underlying mechanism of cause of 
idiopathic mega-esophagus. 


1 . 


4 . 

5. 

0 . 

7. 

8 . 
9. 

10 . 

11 . 

12 . 

13. 

14. 

15. 


16. 

17. 

18. 

19. 

20 . 
21 . 


de S 


REFERENCES 

Hurst, Arthur F.: Case of Achalasia of the Cardin (So-cnllcd Cardiospasm), Proc. Roy. 

Soc. Aled. (Clin. Sect.) 8: 22, 1914. \ a rt 

Hur.st, A. F., and Rake, G. W.: Achalasia of the Cardia (So-called Cardiospasm), yuan- 
J. Med. 23: 491, 1930. , . 

Willis, T.: Pharmnceutice Rationalis, First English Translation, London, 10'^ P- - ; 
Einhom, M.: A Case of Uyspliagia With Dilatation of the Esophagus, Med. Hec. si. 
1888 

Holleston, H. D.: Simple Dilatation of tlie Esophagus, Tr. Path. Soc. Lond. 47. yh 
Vin.«on, P. P.: Tlie Diagnosis and Treatment of Diseases of the Esophagus, Spn g» i 
m., 1940, Charles C Thomas, Publisher, p. 86. 

Boyd. W.; .Surgical Pathology, Philadelphia, 1943, W. B. Saunders Company, ' 
Wright, Samson: Applied Physiology, London, 1945, 0-vford University Press, P-Jd 'logy 
Kronecker, Hugo, and Meltzer, Samuel: Arch. f. Annt. u. Physiol. (Supp.) p-^ - i 
Rake, G. : On the Pathology of Achalasia of the Cardia, Guy’s Hosp. Rep. /• j 
C ameron, J. A. M.: Oesophagectasia in a Child, Arch. Dis. Childhood 2: - • 

Beattie, W. J. H. M.: Achalasia of the Cardia, St. Barth. Hosp. Rep. 64: yy, . 

Etzel, E.: Os nervos pneumogfistricos no megnesofago. Estudo anatomopato g 

cases, Ann. Fac. de med. da Univ. de S. Paulo 10: 373, 1934. , RnKial 

Lendrum, P. C.: Anatomic Features of the Cardiac Orifice of the Stomach \ a 

Reference to Cardiospasm, Arch. Int. Mod 69 : 474, 1037. opwinbaenf 

Tamiya, C., and Tamura, M.: Eontgenologiscliexperimentelle Studien hber jlio- 

mit besonderer Riicksicht auf die Patliogenese der sogennanten lunktion 
pathischen Oesophagusdilatation, Ztsclir. f. d. ges. exper. Med. 78: 33/, ; ' 

Etzel, E.: A avitaminose come agente etiologico do megaesSfago e do megaco , 

de med. da Univ. de S. Pardo 11: 59, 1935. of the 

Knight, G. C.: The Relation of the Extrinsic Nerves to the Functional Acn j 

Esophagus, Brit. J. Surg. 22: 155, 1.934. . „ „ Gvnee. 

Ferguson, J. H.: Effects of Vagotomy on the Gastric Function of Monkeys, o e i • 

& ObsL 62: 689, 1936. , ... „jp^ri- 

Ozorio de Almeida, M.: Sur la dilatation chroniqne de 

mentalement chez le cliien par section partielle des pneumogastriques, 1 • 

Soc. de biol, 102: 407, 1929. _ . -d -f t Sure. 22! 

Knight, G. C.: Sjunpathectomy in Treatment of Achalasia of Cardia, Bnt. . • 

864, 1935. frnim 24: 10®b 

Stubbe, H.: Oesophageal Achalasia Treated by Sympathectomy, M J. Austrn 

1937. 



PUPPKL: JSOPHAGE.VL ^[OTILITy IX TKKATMEXT OF ilEGA-FSOPHAQUS 389 


22. Souttar, 11. S.: Oew)pliagi*al Ob^^t^u•t^on, Brit. M. J. 2: 777 , 1926. 

23. Cmlp, W. il., Moorwjli, II. J., and Viiwon, P. P.: Treatment of Intmctablo Canllopapm 

bv Bllnteml Ccrvicothoracic S\TnimthotJc OnngUonoctomv, Report of a Caae, Proc, 
Staff Meet., Mayo Clin. 9: 749. 1934. 

24. Turner, 0. G., nn<l Knight, G. C.: Surgery of tho OewpUnguB, Tr. M. Soc,, London 69: 

171, 1030. 

26. 'U'oollard, H. H.: The Poriphcml Syntpathotic K’er^'oua Svntem, Brit. J. Sure. 23: 425, 

19,35. 

20. Mitchell, G. A. G.: The Xerre Supply of llio Oas*tfo-Ocsoplmgenl Junction, Brit. J. 8nrg. 
26: 333, 1938. 

27. Ton Mikulici, J.: Uchcr Gnrtronkopie und OcBophngoskopio, Mitth. d. Ver. d. Aonte in 

Xied. OOTterroir.h 8: 41, 1SS2. 

25. Hum, M.: Dilntatio ocftojOingi ingluvlforniw, Ilygiea 4: 290, 1842. 

29. Carleon, A. J., Boyd, T. K.. and Penrey, J. F.: The Innervation of the Cardia and the 

Lower End of tho EsoplrngnB in Mammnls, Am. J. Pltjulol. 61: 14, 1022. 

30. Opcnchow^kl, T,: Uebor die norvUncn Vorrichtungen den Mngens: Expcrimcntellc 

Studlcn, Zentmlhl. f. PhvBial. 3: 1, 1881». 

Idem: Uebor die geBaiiinito Innervation dca ifagcnii, Deutxclie med. Wchnachr. 16: 7l7, 
1889. 

Idem: Zur pathologiaclion Anatomic dor gcaehwUrigcn Proicaae im ifagondanntractus, 
Arrlu f. pntlu .\nnt. u. IMiyalid. 117: 347, 1889. 

31. Meyer, W.: Iraponnenido Oardioapnam SucceMfolly Treated by Thoracotomy and Oesoph- 

ngopliention, Ann. Surg. 63: 293, 1911. 

32. Sauerbrach, F.: Der Kardiosjmamua, in (‘hinirgic dor Bruatorgnne, Vol. II, Berlin, 102.6, 

JuHna Springer, p. 572. 

33. Rlo<ler, W.: Klinik und Thorapie dej* aogennnntcn t'nrdiosimamua, Deutsche Ztschr. f. 

Chlr. 222: 47, 1030. 

34. Fieri, O.: Contrihutl elinici alia chirurgin del aiatema nervoao vegotativo; la cura della 

nenlnsia eaofagwi (cnnlloaiwarao), Arch. ItnI. di H.ir. 36: 044, lO.'Vl. 

JI5. Bnuerbrucli, F., and von llnckcr, R.: Zur Fragi* de** Conlinverai'hluMex der Speiseriihre, 
Doutpcho mod. Welinachr. 1203, 1900. 

30. Jackson, C.: The Diaphragmatic Pinrhct>ck in Socnl)i.*d “(‘nnlioai»aftni,” Lorj-ngoscope 
32: 130, 1922. 

37, Hill, W.; Dilatation of Esophngua Without Anatomical Rtenosit-. Proc. Roy. Soc. Med. 12: 
33. 1919. 

35. Womack, N. A.: Esopliagoplnstv for t>ophngca) Achalnain, S. Clin. Xorth America 18: 

1241, 1938. 

39. Ballon, H. C., Wilson, H. M.. Singer, .1. J., and Oralmm, E. A.: EsopUngus, Stomach and 

Ilenrt Following Unilntoiul Phrenicectomy, Arch. Horg, 21: 1291, 1930. 

40. Turner, G. G,: Borne Exj)oricnccs in Rurgerv of tin* E 80 i)hngua, New England J. 5Ied. 206: 

0.37, 1931. 

41. Vampn5, E.: Le *'mal de engosgo" et son tmitcinent rhirurgical, Rev. sud-nm. de m6d. 

et do chir. 4: 493, 1933. 

42. Fromrae, A.; Erfnhmngen mit der Opemtion des Kariliosi>nsrau8 (sec DiscuMion), Arch. 

f. klin. adr. 167: GOfi, 1929. 

43. Ochsner, Alton, and I>6 Bakoy, Jtichael; Surgical Considerations of Achalasia; Review 

of tho Literatun* and Report of Three Cases. Arch. Rurg. 41: 1140, 1040. 

44. Clngctt, 0. Theron, Moersch, Herman J., and Fischer, Albert: PIsoplmgognstrostomy in 

the Treatment of Cardiospasm, Surg., G\Ttoc. 6c Obat. 81: 440, 1945. 

45. Puppel, I. Darin, Brown, Ray, Lncoy, Paul, and Cox, Lester: Instruments Useful in 

Esophogogastrointestlnal Motility Studies. Unpublished data. 

40. Alvarei, Walter C.: An Introduction to Gastroenterology, Xew York, 1940, Panb B. 
Hoelver, Inc., p. 197. 

47. Bignnmi. G.: Megaesofngo e mcgadolicocolon, Riv. di mdiol. e fis, med. 6: 071, 1931. 

48. Ledoux-Lebard, R., Xemours-Auguste, R., and Lefebvro, J.: Un cas de dilatation idlo- 

patIii((O 0 do I'oesopliago nssoci^o a un doliclio-cOlon, Arch. d. mat. de I’ftpp. digestif 
26: 1085, 1930. 

49. Martini, T., and Comas, J.: Formas esofAgiens do la onferraednd de Glenard-Lnne, 

Semana mAd. 1: 1320, 1037. 

60, Barclay, A. E.: Xormal Mechanism of Swallowing, Brit. J. Rndlol. 3: 534, 1930. 
oL Barclay, A, E.: Tlie Normal Medmnism of Satillowing, Proc. Staff Meet., Mayo Olio. 6: 
251, 1930. 

Barclay, A. E.: Der normale Schlingmechanlsmus, Acta, mdiol. 13: 87, 1932. 

63. Barclay, A. E.: Digestive Tmct: A Rndloloirical Study of Its Anatomy, Phj*siology, 

and Pathology, London, 1933, Cambridge University Press, 

64. Negus, V. E.: Tlio Mechanism of Swallowing, Proc. Roy. Soc. Med. 36 : 85, 1942. 

65. Jones, C. M.: Digestive Tmct Pain, New Yoik, 1038, Tlic ilacmillan Company, p. 7, 



390 


THE JOURNAL OP THORACIC SURGERY 


5G. Jackson, C., and Jackson, C. L.: Diseases of tlie Nose, Throat and Ear, Pliilndclpliia 
1945, W. B. Saunders Company, p. 729. ' 

57. Bayliss, W, M., and Starling, E. H.: The Movements and Innervation of the Small 

Intestine, J. Physiol. 24; 99, 1899. 

58. Bayliss, IV. M., and Starling, E. H.: The Movements, and Innervation of the Large In¬ 

testine, J. Physiol. 26: 107, 1900. 

59. Bayliss, "W. M., and Starling, E. H.; The Movements and Innervation of the Small In¬ 

testine, J. Physiol. 26; 125, 1901. 

GO. McLaren, J. W.: Kymography and Its Application to Esophageal klovement, Brit. J 
Eadiol. 16: 270, 1943. 

61. Patten, C. A.: The Vegetative Nervous System: An Investigation of the Jioat Recent 

Advances, Baltimore, 1930, Williams and Wilkins Company, p. 832. 

62. Barron, L. E., and Curtis, G. M.: Effect of Vagotomy on the Gastric Motor Mechanism, 

Arch. Surg. 34: 1132, 1937. 

63. Wliite, J. C., and Smitlnvick, It. II.: The Autonomic Nen'ous System: Anatomy, Physi- 

ologv and Surgical Application, New York, 1941, The Macmillan Company, p. 142. 

64. Puppel, I. Darin: Tlie Pathologic Phy’siology of Mega-esophagus, J. Lab. & Clin. Med. 

34: 1739, 1949. 



PERjrANRNT PILLING OP DEjVD SPACE IN THE PLEURAL CA\aTY 
AFTER PNBUJIONECTOlPf 

An’ ExPEniiinNTAL Studv 

John n. Grindlav, JI.D.,* O. Tiieron' Claqett, JI.D.,t and 
John- R. Rydell, M.I).4 RocII^S!TER, Minn. 

T he purpo.sc of tills c-xpcriinpiitnl sliid.v wns to test wlictlior n lightweight, 
pln.stie prostlicsis, roughly tlie size and shape of the lung, could he used to oc¬ 
cupy the dead spnee loft in the pleural eavity after removal of one lung. A pros¬ 
thesis was placed in the pleural eavity after right or left pneumoneetomy in a 
series of tiventy-onc dog.s. Po.stoperative .studies included rocntgcnogi'ams of the 
thorax and, in a few exporinienta, oxploratorj' thoraeotomy. Several dogs were 
killed while thc.v were under anesthesia in order that reaction to the pi’osthcsis 
might Ix) investigated in detail. The first dogs in which the prosthesis was used 
have now gone nine montks since operation. Because we were nnahle to study 
pleural reaction and exudate as thovoiighly as we wished in dogs, especially 
daring the earl.v jioatopenttivc period, a similar seriPs of experiments was carried 
out in a series of rata. This repoH, however, deals with the results of our study 
on dogs. A report of (ho stud.v on rats will he made later hy one of us (J. R. R.), 
and only the iiertineut conclusions of the experiments on rats Mill lie included 
in this report. In the .sense that the experiments on dogs must be continued for 
a much longer poriotl and that the jirostliesis is being modilied and improved, the 
present report is preliminai'y. 

It M'as not nithin the scojic of our study to inve.stigatc physiologic function 
of the remaining lung after pnounioncctomy, or to compare its function when 
no prosthesis was used with function when a prosthesis was used in the empty 
pleural carity. The possihilit.v that i-espiratoi’y fimctiou is impaired is sug¬ 
gested by the fact that permanent nnatomic changes occur in the thorax after 
the removal of one lung and a segment of the phrenic nerve on that side. Nar- 
roMing of tlie interoostal spaces and rise of the diaphragm constrict the pleural 
carity to a significant extent after the lung has l>ccn removed, the residual space 
is nsnally filled hy the heart and other mediastinal stnicturcs, and the remaining 
lung msually enlarges to a degree necessary to compen.sato for the mediastinal 
shift. This enlargement of the lung has been called “compensator}' emph.vsema,’’ 
although it has been shotvn b.y RienholT, Reichert, and Heuer' and by Behrend 
and Mann’ that this is not true emphysema in dogs. They found that increases 
in size and Aveight of the lung M’Cre the result of the fact that the lung was more 
fully expanded and contained more blood than normally. The possibility re¬ 
mains, however, that simple distention of the lung may eventually lend to em])hy- 
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sematous changes in some peisons. Evidence concerning the function of the 
lung, whether it be simply distended or pathologically distended, has been 
accnmnlated in recent years. 

Conmand and Berry® as well as BiiTith and co-workers^ have eonelnded 
that overdistention of the remaining lung after pneumonectomy i-educes the 
breathing reserve, produces an increased tendency to dyspnea, and allows marked 
reduction in the oxygen saturation of arterial blood to occur during strenuous 
exertion. Such changes were somewhat less likely to occur if pneumonectomy 
was perfomed during childhood or early adolescence and more likely to occur 
in older adults than in young adults,®> ® Thoracoplasty as a second operation 
reduced the degree of overdistention in adult patients and improved ventilatory 
efficiency. Similaiiy, prevention of overdistentioii in a patient who already had 
emphysema before pneumonectomy, by placing air. or oil in the thorax on the 
side of pneumonectomy, caused improvement in pulmonaiy function. 

Another method of prevention of overdistention of the remaining lung was 
reported on recently by Johnson and co-workers.® In a preliminary report of 
studies on dogs they described the use of a prosthesis to occupy the empty pleural 
ca'vdty after pneumonectomy. In one series of dogs obseiwed for as long as four 
months, an airtight hollow box of zirconium measuring 10 by 6 by 3.5 cm. was 
used. In another series, hollow balls of methyl methaciylate 1 inch (2.5 cm.) 
in diameter, similar to those used by Wilson'^ for an extrapleural pack, were 
used to fill the pleural cavity. Dogs of the latter group were obsen'ed m long 
as two months, A significant degree of pleural reaction was observed in dogs 
^vith the zirconium prosthesis, but only’- minimal pleural reaction occurred when 


tire plastic balls were used. 

Our study was the outgi-orvth of one in which we used gelatin foam spongy 
to occupy the dead space after pneumonectomy’ in dogs and rats.® .^tuoug 
thl.s material was gradually absoi’bed, postoperative shift of the mediastinmn 
and gross pleural effusion rvere prevented. It was noted also that dogs so trea e 
were much less dyspneic and considerably more active after operation thau ogs 
in which gelatin foam sponge was not used. Thase observations suggested t a 
function of the remaining lung was not impaired but improved, during the p 
operative period, by’ a foreign material placed in the empty pleural cavity an 
encoui-aged us to investigate the possibilities of use of a nonabsorbable prost e^js. 

We believed the most suitable prosthesis would be one which would t ® 
pleural cavity’ and leave a minimum of dead space, would be just large enoug^ 
to prevent mediastinal sliift, and Avould not produce harmful pleural reae s 
or other ill effects. Our desire to have the prosthesis leave as little dea spa^ 
as possible and to avoid haraig empty spaces around the pi’osthesis, such as a 
present between balls, was based on theoretic objections that dead 
permit motion, friction, mechanical trauma, and discomfort, and that the 
the dead space the greater the volume of free fluid and the greater tlie an 


from infection. 


METHODS 

At the time the study was undertaken -we®.had had t-vro years 
with Polythene (polj’ethylene) in various living tissues and were impressed tm i 
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neither inflammatory nor forolpn l>ody reaction in ninny tisfluen nnd that it was not altered 
by exposure to llvlnp tissue. Accordlnph’, it seemed that Polythene might bo suitable for 
the thoracic prosthesis. Wo constructed a roughly Jung-shaped bag with Polythene film 
(thickness 0.005 inch) by fusing the edges together with heat and pressure (Fig. 1). The 
hags contained air and, in order to give them the desired shape, rather tightly packed 
fil>er glass. In flat view the cephalic end of the bag was rounded but narrow, while the 
enndnl end wns wide but sloping, so that the iKisteroinferior portion of the bag in situ was 
lower than the anteroinferior jmrtion. The bags were slightly thicker at the base than at 
the apex. The density of llio prosthesis was appreciably less than that of inflated lung. 
After the bags had boon te8te<l for leaks they were sterlliied by immersion in 1:1,000 
aqueous solution of lienralkonium chloride (Zophimii chloride!. The inside of the bag nnd 
its contents wen.' not sterilised. 



PIr. 1.—The Poljiheno bag prosthesta. The outer layer of the prosthesis Is ^lythene 
ata (thlckne** 0.006 Inch), the edges of which linvo been sealed together by heat. Tho pros- 
tbesls contains air and rather tightly packed fiber glaaa 

The prosthesis was placed in the plcuml cavity of the dogs, after right or left pneu¬ 
monectomy, before the thorax was dosed. A aufflclent number of sterile prostheses of 
various sizes was always available so that one of suitable length, width, and thickness was 
on hand. Ifo attempt was made to aspirate the remaining air after the thorax was closed, 
and thoracentesis was not performed during the postoperative period. In judging the size 
of the prosthesis to be placed in the thomx we allowed for the rise of the hemidlaphragm 
and narrowing of the intercostal spaces nod tried to select a Polythene bag which would 
be the size of the pleural cavity daring maximal expiration after such changes had taken 
place. Our early experience with Gelfoam taught us the danger of filling the pleural ca\'ity 
to such an. extent that function of tho remaining lung was compromised. 
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RESULT OF EXPERIJIENTS 


Eight pneumonectomy was performed on 10 dogs and left pneumonectomy on n dogs; 
each of these dogs had a Polyiihene hag prosthesis placed in the pleural cavity after removal 
of the lung. All operations were performed with the dog under ether anesthesia and with 
aseptic surgical technique. No difference was obsenmd between dogs in which tlie right long 
was removed and those in which the left lung was removed. All dogs tolerated the opera¬ 
tion well and were in excellent condition during the early postoperative period. 

Six of the 21 dogs of the series died between four and fourteen days (average seven 
and one-half days) after operation. Necropsy revealed that in each instance the bag had 
split open at a seam and that acute empyema was present. Another dog died twenty days 
after operation because of fibrosis around the inferior vena cava near the right atrinm. 
A loosely attached thrombus occluded the entire thoracic part of the inferior vena cava, 
the liver was greatly enlarged and nearly black in color, massive abdominal ascites was 
present, and both pleural cavities contained massive amounts of blood stained fluid. The 
cause of the fibrosis about the vena cava and thrombosis could not be determined with 
certainty, but we believe it was mechanical trauma produced by the prosthesis. The hag 
was too small for this dog and could have rotated enough so that during the respiratory 
cycle the seam along the posterior border scratched back and forth on the cephalic end of 
the inferior vena cava. Anotlier dog died on the twenty-eightli postopomtive day because 
of erosion of the left internal mammary vein and the massive hemorrhage which followed. 
There seemed to be no question that in this case the seam along the apex of the bag had 
impinged on the vein and finally lacerated it. Two other dogs of the series died, 1 at five 
months and the other at six months postoperatively; the cause of death in each instance 
was acute empyema caused by a leak in the bag and exposure of its nonsterile contents to 
the pleural cavity. The leak in one bag consisted of a burst scam, in the other of n crack 
at the site of a wrinkle. 


Two of the fl dogs that lived were killed, while they were under ether anesthesia, in 
order that pleural reaction could be studied, 1 dog four and ono-half months and the other 
seven months after operation. Both dogs appeared to be in excellent general condition an 
weighed more than tliey weiglied before operation. The heart and mediastinum were in 
the normal position in the midthorax, and the remaining lung in each dog appeared entire 
normal, both grossly and histologically. The right pleura (side of pneumonectomy) in t^^ 
dog killed at four and one-half months was almost everywhere of normal thickness a 
appearance (Fig. 2). Slight thickening was noticed in a few areas of the parietal P 
the principal area being over the healed operative wound. This side of the thorax 
tained 30 c.c. of clear straw-colored fluid. There were a few erythrocytes in the flui i 
the leucocytes numbered 2,890 per cubic millimeter, of which 5 per cent were lymp 
and 95 per cent were neutrophils. The Polythene bag prosthesis was not completely m a^^^ 
The fiber glass at the apex of the bag was stained green and was slightly moist, nppa ^ 
the result of a small leak that allowed some fluid to enter the nonsterile interior 
prosthesis. ^ 

The pleural surface on the left, the side of pneumonectomy, in the dog 
seven months likewise showed few changes. The mid-portion of the pericardia p 
however, was pink and granular, and there were two similar pink, granular areas 
mid-parietal region, each about 3 cm. in diameter. The pleura in the region 
thoracotomy "vround was opaque and gray hut glistening. The remainder of t e 
surface appeared normal, and this side of the thorax contained 20 c.c. of clear, 
colored fluid. A tiny hole was present in the corner of a wrinkle near the cleah 

the prosthesis, and the air that had been in the bag was completely replace 
straw-colored fluid. Although the inside of the prosthesis had not been sterilize 
was made, significant bacterial growth obviously had not occurred. condition- 

Nine dogs of the series are living and all appear to be in excellent genera co^ 

Two have had the prosthesis in place for nine months, 2 for eight months, - pneii- 
months, 2 for six months, and 1 for five months. Five of these dogs ha rig 
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monectomy ond 4 loft pncumonoctoniy. Kxplorntorj' thonxcotomy wns performed in 1 do^' 
at two months and in anotlior at threo rnontha; biopsy of the mediantinal and parietal 
ploumo rovcalofl slight thickening. TJio gross nppeamneo of tho pleura in each dog was 
normal. In 1 dog 20 c.c. of free flnid was fonnd in tho pleural cavity and In tho other not 
enough fluid was present for aspiration. The fluid in tho 1 dog was pink, probably because 
of contamination by fresh blood. 

Roentgonographic examination on the day after operation waa made in 5 dogs. 
Except for slight narrowing of Intercoatnl spaces, slight rise of the hemidlaphmgra, and 
absence of the usual pulmonary* markinga, the roentgenogmm waa that of a normal thorax. 
A detectable amount of fluid waa not present, and the mediastinum was in tbo normal 
position, Roeotgenogmma of tho thorax were obtained on all the dogs at about two or 
four weeks and thereafter at intor\*als of one or two months. In general, tho examination 



Flff. 2,—Don killed four and one-hnlf months nf- .'Isht pneumonectomy and Implanta¬ 
tion of a PoU'thene bag- prostheala In Oic right pleuml < 'y. The medlaatJnum la In normal 
PfwlUon and the right pleural aurfacc la sllghlly thick* Tho lower medial portion of the 

right pleural cavity ahowa the 80 c,c. of fluid which wei yeont at tho time of nocropaj*. 

hey 

disclosed no further change for the first four to flvd'"months. After this time the proa* 
thesis, instead of l>elng invisible roentgenogmphicnlly, had a mottled appearance. Later, 
some of the proatlieaca became radiopaque. For a time, this finding confused ua. Wo sus¬ 
pected at first that a capsule might have formed about the prosthesis nud then became 
calcified. The dogs which were killed gave ua the explanation of this finding. The roont- 
Renogram, made just before death, of the dog killed at four and one-half months, showed 
mottling at the tipper end of the bag; the fiber glass at this end of tho bag waa found to 
l>e moist. Tlic roentgonograina of tho dog killed at seven months had shown mottling of 
tho hag at five months, and at the time of his death the bag was radiopaque. Necropsy 
showed that the bag waa filled with fluid. We have concluded, therefore, that rndiopacity 
of tho prostheala indicates fluid which has entered through a leak. 
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RECENT EXPERIMENTS 

Because we learned from tlie series of 21 dogs that the Polj'theno bag prosthesis had 
structural weakness, that is, a sharp seam along its edge and a tendency to break open wc 
liavo discarded this prosthesis. We are continuing onr study* and are now employing a hollow 
air-tilled, methyl methacrylate (Lucite, Plexiglass) prosthesis. The prosthesis has a perfectly 
smooth external surface, is very light in weight, and is molded to tit the pleural cavity. Two 
dogs have liad this prosthesis in the left pleural cavity for two and one-half -months, another 
for two months, and still another for one month. No deaths or complications have occurred 
thus far, and the mediastinum appears, on roentgcnographic examination, to be in the normal 
position. 


COMMENT 

Our study lias demonstrated that a prosthesis roughly the size and sliape 
of the space remaining in the pleural cavity after right or left pneumonectomy 
will prevent the occurrence of mediastinal shift and, presumably, overdisteution 
of the remaining lung. We are aware, however, that our study has been memly 
a test of whether a prosthesis would prevent mediastinal shift and that physi¬ 
ologic studies must be made to determine whether the prosthesis is effective in 
protection against the hannful effects of overdistention of the remaining lung. 
Whether our single-unit prosthesis has advantages over the multiple hollow-ball 
prosthesis descrilied by Jolmson® remains to be detennined. We question, how¬ 
ever, that it would be more difficult surgically, as Johnson feared, to i-eraove a 
large single-imit prosthesis, should the need arise, than a number of small balls. 
If the halls become fixed in position some of them might be hard both to find 
and to remove. We feel that the single-unit prosthesis, shaped to fit tlie pleural 
space, might have certain advantages over the multiple-ball prosthesis. For 
example, the patient might have fewer subjective symptoms because there would 
be no other foreign body on which the prosthesis could impinge. Also, it seems 
to us an advantage to provide the pleural cavity vith a preformed pro^hcsis 
and a theoretic disadvantage to let uncontrollable forces collect and stabilize a 
number of small objects into an effective prosthesis. We suspect, furtheimore, 
that thei’e are dangeis inherent in the small-ball prosthesis; namely, that a ha 
might insinuate itself into a mediastinal pocket and produce pres.s-ui’C on t e 
esophagus or a large blood vessel, or that the organic material (fluid or tissue) 
which fills the spaces between balls, especially spaces most distant from a souivc 
of blood supply', might be pro to infection. FinaUyq there may he dangei o 
overfilling the pleural cavity*lefj applying pressure to the mediastinum if ^ s 
are used liecause the surgeon nw - be tempted to fill the pleural carity'^ compile } 
and not to foUow directions basSd on preoperative measurements. 

The Polythene bag prosthesis, like the multiple, hollow, methyl 
ball prosthesis of Jolinson,® produced minimal pleural reaction as long as i 
not leak and allow pleural fluid to come in contact vdth the nonsterile con en 
of the prosthesis. Our observations of pleural reaction, however, are lase ^ 
only 4 dogs, of which 2 were explored before the prostliesis had begun 
1 dog was killed when a leak had started, and 1 was killed when the pro 
was full of fluid. In order to obtain more information concerning pleuia ro 

*In collaboration -with Dr. A. H. BulbuHan. 
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tion tlinn ive could on n series of dops we made a study of ])leurnl renetion in 
rats. Cnieful detenninntion of volume and eellulnr content of pleural fluid and 
histologic c.vamiuntiou of the pleura were made in a large series of rats killed 
at frwpieiit intcn'nhs ranging from one day to several months after pneumonec¬ 
tomy and implantation of a Pol.vthcnc hag prosthrais. These studies showed 
tliat the prosthesis did not cause formation of excessive or abnormal pleural 
fluid and that ideural reaction was limited to the fonnntion of a vcr 3 - thin fibrous 
capsule about the prosthe.sis. In our dogs, such a capsule has nof been oliscrved. 

We recognize the structural defects of the iirosthcsis wo have usc<l in this 
study but wo are confident the defects can Im" corraeted. Tlic molded, hollow, 
methyl methaciylate jirostlicsis that we liaA’c usc<l lately appears to be struc- 
turnll.v .stronger than the PoliUlicne prosthe.sis, although it is much more rigid; 
it Is superior also iti that it has no protniding scams. We believe that the best 
permanent prostlicsis will lie one Itaring the general sliapc of tlie spaec it is to 
occupy, will be of just tlie riglit size to invvcnt appraeiablc mediastinal sliift, 
will have permanent struetiirnl strength, will he ns nonirritating ns the prosthesis 
wo have used, and will linvc so smooth a surface that tliere will be no danger 
of mechanical trauma to neighboring living tissue. 

■StMIMARY 

A lightwoiglit Iwg, made by lieat-sealing Pol.rihcnc film and filled with fiber 
glass and air, rotighl.v the sliaire of flic ideitral cavity, and of suffleient sire to 
prevent nicdiastinnl .shift, was placed in the pleural cavity after right or left 
pneumoucctomy in a series of twenty-one dogs. Oidy the outside of the prosthesis 
was sterile. During the cnri.v [Mwtoiierative period all dogs were in excellent 
condition. 

Si.x dogs died during the firat two weeks because of acute empyema caused 
by rupture of the prosthesis. Two dogs died, five and six montlis after operation, 
respectively, from the same cause. Two dogs died fiom lesions attributed to 
mechanical trauma of blood ve.sscLs adjacent to the pi-osthcsis. 

Two dogs were killed, one at four and one-half months and the other at 
seven months. Tlio medimstinum of each was in nonnnl position, and the pleura 
showed a minimal degree of thickening, 

Nino dogs arc well and have had the prosthesis in place for periods ranging 
from nine to five months. The position of the mediastinum has nlwa.vs been 
normal in these dogs. 

Eventually a leak consisting of either a erack or a rupture of the Polythene 
covering developed in all the Polythene bag prosthesea. This has permitted the 
air withui the prosthesis to be partially or completely replaced by fluid. Al- 
tl'ongh stei-ilizmg the inside of the jirosthcsis and its contents would probably 
lesson the danger of bacterial grouih in the prosthesis and of empyema, this 
weakness of the Polj'thene bag makes further use of it ns a prosthesis undesir¬ 
able unless the defects are corrected. Kccent experience with a lightweight. 
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hollow, molded one-piece prosthesis of methyl methaerjdate in a series of four 
dogs indicates that this prosthesis is superior to the one made irith Poli'thene 
and filled mth air and fiber glass. 

This study has demonstrated that the pleural cavity tolerates a large, non¬ 
irritating prosthesis after removal of the lung and that mediastinal sliift can 
be prevented by such a prosthesis. This study and a similar one in rats have 
demonstrated that the prosthesis does not cause formation of excessive amounts 
of fiuid and that it causes minimal pleural reaction. 

REFERENCES 

1. Eienhoff, W. F., Jr., Reichert, F. L., and Heuer, G. J.: Compensatory Changes in the 

Remaining Lung Following Total Pneumonectomy; an Experimental Study, Bull. 
Johns Hopkins Hosp. 57: 373-383, 1935. 

2. Behrend, Albert, and Mann, F. C.: Some Postoperative Effects of Pneumonectomy; a 

Morphologic Study, J. Thoracic Surg. 6: 685-697, 1937. 

3. Cournand, Andrd, and Berry, F. B.: The Effect of Pneumonectomy Upon Cardiopul¬ 

monary Function in Adult Patients, Ann. Surg. 116: 532-550, 1942. 

4. Birath, G., Crafoord, C., and Eudstrom, P.; Pulmonary Function After Pneumonectomy 

and Lobectomy, J. Thoracic Shro. 16: 492-511,1947. 

5. Cournand, Andrd, Himmelstein, A., Riley', R. L., and Lester, C. W.: Follow-up Study 

of Cardiopulmonary^ Function in Four Young Individuals After Pneumonectomy, 
J. Thoracic Surg. 16: 30-49, 1947. 

6. Johnson, Julian, Kirby, C. K., Lazatin, C. S., and Cocke, J. A.: The Use of a Pros¬ 

thesis to Prevent Overdistention of the Remaining Lung Following Pneumonec¬ 
tomy; a Preliminary' Report, Surgery 22: 179-190, 1947. _ . 

7. Wilson, D. A.: Extrapleural Pneumonolysis With Lucite Plorabage; a Preliminary 

Report, J. Thoracic Surg. 17: 111-122, 1948. 

8. Small, J. T., Clagett, 0. T., and Grindlay, J. H.: Additional Use of Gelatin Foam m 

Thoracic Surgery': Preliminarv Report, Proc. Staff Meet., Mayo Clin. 22: 5S5- 
589, 1947. 

9. Brow-n, M. H., Grindlay, J. H., and Craig, W. McK.: The Use of Polythene Film as a 

Dural Substitute; an Experimental and Clinical Study, Surg., Gynec. & Obst. 86. 
663-668, 1948. „ , 

10. Seybold, W. D., Grindlay, J. H., Pfuetze, K. H., and Clagett, 0. T.: The Use of Poly¬ 

thene Film in Posterior Thoracoplasty' Wounds, J. Thoracic Suro. 18: 129,191"- 

11. Grindlay', J. H., and Mann, F. C.: Surgical Uses of Polythene: an Experimental Scuay, 

Arch. Surg. 56: 794-812, 1948. 



THE EOENTOENOLOGIC ^MANIFESTATIONS OF PARASTERNAL 
OJIENTAL HERNIA 

John S. STE^VAKT, 5I.D. 

CoLoiinus, Oa. 

T he prcopcrntive dingnoHis of pnrnstcrmd omental hcniin is usually baaed 
on the radiographic demonstration of a density in either cardiophrenic angle 
and ccphalad displaecmcnl of a jmrlion of the transverse colon. We wish to 
emphasize the u.se of a pneumoperitoneum ns an aeecasorj- diagnostic aid. 

The differential diagnosis of masses at the cardiophrenic angle involves 
consideration of the following; lymphoma.s, teratoma.s, lipomas, neurofibromas, 
aberrant thyroids, cclomie c.vsts, and peripheral lung neoplasms. Our recent 
experience with the following three eases demonstrates the application of various 
roentgen proccdui cs and may sene to evaluate their merits. 

Parasternal omental hernias occur relatively infrctptently. In 1937, von 
Grj'orz,' discovered in the literature six eases diaimoscd during life by roent¬ 
genogram. Colmcrs,' in 1941, reviewcsl the literature and found 120 cases of 
various types of paraslcnial hernias. These included the six cases mentioned 
hero. He found one ca.se of parasternal omental hernia in which the diagnosis 
was suggested by chest rocntgenograin and latei’ proved by exjtloration. This 
ease was reported by Sfeade and Ravdin.*'’ 

CASK RF.fOBTS 

Case 1.—J. B. L,, n iroraon, aged 50 ycflr*, wns ndmltted to Emory UnlvcrsHy 

UwpUnl iu September, 1940. Clilof coraplninte wore follnew* In the right side of tlio cliest and 
a prodoctivo eouglu The pnst lilstorj’ rerenlcil n rllnicnl diogtosis of puJnionnry tniiercolosls 
in J0]8. Following hospItoHyjitlon for two yenn% the patient wofl dlseJiarged with nTToafed 
disease. On a cheat rcMjntgenogmm itmdc In 1042, n amnll ronss in the riglit lower long 
field was dlacovorod. This density pubsoquently incrensed in size. The physical findings 
referable to the chest consisted of dullness to percussion over the right lung base and 
absent breath sounds over the same area. Roentgenologic studios on admission showed the 
presence of a moss mensuring about 0 era. in dinmoter at the right cnrdiophreaic angle 
sateriorl}' (Fig. 1). A bronehogmm disclosed separation of the right middle and lower 
lol>e bronchi with partial obstruction of the secondory branches of the right middle lobe 
bronchos. A barium enema performed elsewhere revealed cephalnd displacement of the 
transverse colon anteriorly with this portion of the colon having the appearance of an 
inverted '*11'* (Fig. 2). On bronchoscopy, sopnmtlon of the right middle and lower lobe 
bronchi was observed. 

An eiplomtoiy' thoracotomy revealed a hernia of omentum through the right fommon 
of ^lorgagni with the sac presenting Itself between the middle and lower lobes of the 
r^ght lung. The hernia consisted of a peritoneal sac with partial incarceration of omentum. 

Cabe 2,—a. a., a white woman, aged 08 years, was admitted to Emorj' Unn-erslty ITos- 
pital in Febnmiy, 1047, complaining of nervousness. One week previously, a routine roent- 
geim gram of the chest showed the presence of a mass in the right cardiophrenic angle. 

From tlie Department of Roentgenolotpj', EnHirj' Unlversitr School of Modiclne. 

Itecelved for publication Dec. 10, 104s. 
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Fig. 3. 


Fig. i- 


Fig. 3 (Case 2).—Mass In right cardlophrenlc angle. to pa'^' 

Fig. 4 (Case 2).—Cephalad and anterior displacement of trans\er8e c 
sternal omental hernia. 
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FIff. 6. Ftg. 7. 

. Fjg. 6 (Ca#e 3).—Lateral roentirenoe^in of chest and abdomen. Note mn«* In anterior 
™«iophrenic eulcua. 

Pip. 7 (Case 3).—Darastomnl omental homla. Colon and stomach In normal position. 
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Physical findings referable to the chest were occasional ntles over tlio middle lobe of the 
right lung. Sputum studies and bronchoscopy revealed no additional information. Eocnt- 
genologic examination of the chest showed a large oval-shaped mass at the right cardio- 
phrenic angle anteriorlj' (Pig. 3). A lateral film of the abdomen demonstrated a gjw-filled 
loop of colon which was displaced cephalad and anteriorly beneath the dome of the right 
diaphragm. This finding was confirmed by a barium enema (Fig. 4). Following the intro¬ 
duction of n pneumoperitoneum, air was demonstrated within the right cardiophrenie 
angle soft tissue mass (Fig. 5, A and B). A tentative diagnosis of parasternal omental 
hernia was made from these findings, and the patient was discharged without surgery hecnnsc 
of age and absence of symptoms. 

Case 3.—A. O., a white woman, aged 50 years, was admitted to Emory University Hos¬ 
pital in December, 1947, complaining of pain in the right side of the chest and a productive 
cough of three months’ duration. Two months prior to admission, a roentgenogram of the 
chest showed an area of increased density at the riglit lung base compatible witli the diag¬ 
nosis of a virus pneumonitis. Additional roentgen study' two weeks later showed no 
change in the appearance of the lung fields. On physical examination, definite rfiles were 
heard at the right lung base. Bronchoscopy, sputum, and blood studies revealed no additional 
information. 

Boentgenologic examination of the cliest showed a soft tissue mass at the right cardio- 
phrenic angle anteriorly (Fig. .6). Compression of the secondary branches of the right lower 
lobe bronchus was observed from bronchography. On barium enema, the colon assumed a 
normal position (Fig. 7). X-ray' pictures taken after pneumoperitoneum showed no air within 
tlie intrathoracie mass. 

An exploratory' tlioracotomy revealed a hernia 5 by 8 cm. between the middle and lower 
lobes of the right lung, which consisted of omentum in a peritoneal sac. The neck of the ea* 
was obliterated by dense adliesions. The mass presented tlirough the foramen of Horgngin 
on the right. 

Tlio patient made an uneventful recovery and now has no sy'mptenis referable to the 

che.st. 


DISCUSSION 

Tho embiyologyL anatomy, etiology^ classification of parasternal onientnl 
hernias have been discussed in detail by’ Colin ers‘ and others,''’" and no attemp 
\viU be made here to enlarge upon their work. 

Robbins’^ and Harrington®’ ^ liave emphasized the importance of the ctaage 
in position, of the transverse colon in parasternal omental hernias. With baruin 
enema, the transverse colon assumes an inverted “V" patteim with tlte ap® 
pointing toward the foramen of Morgagni. In one of the cases the trans\erse 
colon appeared less angulated and assumed the contour of a “U.’ 

It has been found that the abnormal position of the gas-filled 
colon may^ be suspected on a lateral i-oentgenogram of the abdomen. Tins n ' ^ 
is slioivn to advantage in Pig. 8. - 

Sielman,*^ in 1924, demonstrated the presence of a hernial sac 
colon above the diaphragm utilizing pneumoperitoneum. He was able o ^ 
ferentiate the wall of the hei'iiial sac from the wall of the large 
small pneumothorax complicated this diagnostic procediu’e. Hay’Ci, m 
warned of the complications of diagnostic pneumoperitoneum. These 5°^ 
of peritoneal adhesions and gangrene of the stomach with 
kinldng of gastric arteries. In our experience, no complications resu e 
the use of this procedure. 
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Smite,” Caminn," nnd Fniilkner’ liavc nil suggested the use of pneuraoperi- 
toncnni in the diagnosis of snlidiaphragmntic hernias. We have been unable to 
find in the Anicricnn literature available to us a reference to the Rpcciflc use of 
pncumoperitoneuin in the diagnosis of congenital pamstei-nal honiias containing 
omentum. 

In Case 1, the abnomial position of the transveise colon was pi’c.scnt, sug¬ 
gesting the correct diagnosis. In Cn.se 2, the diagnosis was established without 
nn.v doulit b.v ])neumoi)oritonenni, although the eharnctcristic sign of the barium 
enema might have sufficed. 



ric. 8 (Ca»Q 1).—Lntersl film of chept and abdomen ehon'Inc the abnormnl poalUon of the 
gaa-fllied tmnjn’enw colon* 

Of considerable importance is Case 3. In this patient none of the roentgen 
criteria used in Cases 1 and 2 gave o\idencc of the correct diagnosis. 

There may be cases in which, in spite of negative barium enema studies, 
a pneumoperitoneum will reveal positive information. It is believed that, in 
Ibese coses, pneumoperitoneum -will have its greatest usefulness. 

SUJIilARY AND CONCLUSIONS 

Certain roentgenologic studies a]"© invniunldc aids in the. diagnosis of 
parasternal omental hernias. It is essential that these l>cnign lesions bo dif¬ 
ferentiated from neoplasm. 

2. The roentgenologic findings raaj' he ns follo^^'3: (a) a soft tissue density 
at either cardioplirenic angle; (b) the change in position of the gas-filled trans¬ 
verse colon on a conventional lateral film of the aMomcn; (c) the ccphnlnd dis- 
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placement of the barium-filled colon assuming the contour of an inverted "Y” 
or “U”; (d) the presence of air within the soft tissue mass following pneumo¬ 
peritoneum. 

3. There are certain cases in which none of the characteristic roentgen find¬ 
ings are present, making a definite preoperative diagnosis impossible. 
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AOKTOESOPUAGOGASTRIC FISTULA, AN UNUSUAL COJIPLICATION 
OP ESOPIIAQOGASTKOSTOJrV PERPOHJIED UNDER THE AORTIC 
ARCH FOLLOWING ESOPHAGEAL RESECTION FOR CARCINOJIA 

A Rwort ok Two Cases 

K. Alvin jrFJihSv’oiNo, JI.D.,* and E, C. Ejifj!son, M.U. 

JIlNNl’LVPOLI.S, illNN. 

E sophageal resection for enreinonm with the restoration of the continuity 
of the Rastrointeatinnl onnni now is n Avcll-estahlishcd procedure. The mor¬ 
tality of this procedure is rclaterl to (I) the older ape of the patients afflicted 
aith this disease, (2) the prol)Ieiu of anesthesia, (31 tlio location of the lesion 
until regard to its position ahovc or below the aortic aieh, (4) the technical 
difflculties a-ssoeiated with any anastomosis of the esophagus, and (5) the com¬ 
plications of infection within the thoraeie cage. 

It is apparent that certain of the complications which have i-csultcd in a 
lather high mortality rate must he eoiisidcied as unavoidable Irceansc of the ago 
of the patients combined with a disadvantageous location of the lesion. At the 
present time the morbidity and mortality are increased markedly when the 
resection and anastomosis must be perfonmsl nlmvc the arch of the aorta. Un- 
doubtctlly, ns more experience is gained with the higher lesions, a better knowl¬ 
edge of the most satisfactory method will lie the i-csult. 

The complications which must be con.sidercd ns living avoidable arc related 
mainly to the problems of technical difficulties, anesthesia, and infection, cither 
primnrj' or secoudury to trauma and/or leakage in the area of the annstomotie 
line. Although the antibiotics have altered the prognosis of infection in general, 
the problem of its avoidance ill the chest still is of paramount importance. 

The recent olisen'ation of two ca.sca exhibiting an unasnal complication fol¬ 
lowing esoplmgognstrostomy has prompted this presentation. No previous report 
has liecn found describing a similar comiilication. In both instances, the patient 
died of an exsanguinating gnstrointc.stinal hemorrhage from an aortocaoplmgo- 
gastric fistula. 

C.VSE IlEI’OBTS 

Case t (No. 703!)S0).— 1!. R., n flS-.vcnr-oIil nmn, mtu mlmittcd to llie University Ilospltnl 
on April II, 1040, nnd illoil on itny 4, 1040. 

Uintory ,—^Tlic pntiont gnvc n history of dysplingia, regurpitntion, nnd epignstric distress 
for the previoufl three niontlis. There Imd liecn n twenty-poond weight loss in the pnst niontlu 
Immedintely prior to ndndssion, he wns nlilc to tnhe only liquids nugmented by some soft food. 
There wns n history of two provlons eerebml uecldents having occurred thirteen and seven 
jvars, respectively, prior to ndraission- 

Fkyticnl Fxnmination. —Examination rovculcd a soniewlmt asthenic, deaf, wldte man 
with a right hemianopsia and n right hemiplegia. The bloml pressure wns 482/100, respira¬ 
tions were £2, and pulse was 80. 

Lnboraiory Findings, —The hemoglobin, wlilto blood cells, urine, Kline and Kahn, blood 
urea nitrogen, plasma protein, venous presaoro, nnd vital capacity were either negative or 
within normal limits. 

From the Dopartment of Suraorj', Unlvcrsltj- of lllnnesotn. 

Rocolvea for publication Jan. 11, 1519. 

Q*.,n*^’uw at tho Department of Surgers-, University of W'oahlncton School of Mcfllclno, 
oeaxtie. Wash. 
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On March 21, 1946, a gastrointestinal study revealed a carcinoma of the lower mid- 
portion of the esophagus. 

A roentgenogram of the chest revealed a nodular density in the left base, possibly repre¬ 
senting a metastatic nodule. There was a small area of pneumonia in the right middle field. 

The electrocardiogram was thought to be abnormal. No definite diagnosis was suggested 
on the basis of this examination. 

The patient was prepared for surgery by the oral route for a period of thirteen days by 
means of a liquid high protein, high carbohydrate, high caloric diet. 

Operation. —On April 22, 1946, the patient was taken to the operating room for an 
exploratory' thoracotomy on the left side, through the bed of the fifth rib, which vas removed.' 
The carcinoma was noted to begin approximately 2 or 2% cm. below the inferior border of 
the arch of the aorta. This had perforated into the adjacent tissues. It was felt that there 
were probably metastases in the lulus of the left lung and some metastatic nodules along the 
superior border of the pancreas in the abdomen. The lesion was entered into in the course 
of dissection, and the operator was committed to excision of the lesion. An esophagogastros- 
tomy was performed just at the inferior border of the arch of the aorta without undue tension. 
Interrupted silk sutures were used. The diaphragm was sutured about the stomach. 


Patliologio Beport .— 

Gross: Tho specimen consisted of a segment of esophagus measuring 8 by 5 cm. Tlie 
mucosal aspect presented an ulcerated nodular elevation. The edge of the lesion extended to 
within 3 mm. of the proximal line of resection. 

Microscopic: The tumor was composed of poorly differentiated, squamous epithelial 
tumor cells growing in irregular masses and clumps; in the center of some, necrosis was pres¬ 
ent, and others showed only comification. The proximal and distal lines of resection were 
free of tumor. The tumor had penetrated all layers of the esophagus and was growing on 
tho surface of the specimen. No lyuiph nodes could be found. 

The conclusion was a squamous-cell carcinoma of the esophagus. 

Postoperative Care. —The patient’s temperature varied from 99 to 103.2° T. ""hlr n 
corresponding increase in pulse rate without any' remarkable increase in the respiratory rate. 
A roentgenogram on April 29, 1946, revealed a small residual pleural effusion in the left base. 
On May 2, 1946, the cliest examination revealed minimal infiltration on tlie upper lobe on 
the right. On physical examination on this day, a pleural friction rub was heard over t e 
chest anteriorly. At 6:55 a.M. May 4, 1946, the patient experienced a sudden onset of dyspnea, 
cyanosis, pain in the chest, and apprehension. Almost immediately he had a small hemopt) 
sis.” A subsequent ‘‘hemopty'sis” occurred at 8:15 a.m. Some pulmonary edema was presen . 


The blood pressure was 100 systolic, and the examiner was unable to determine 


the diastolic 


pressure; the pulse was 120. The impression at that time was large pulmonary infarct, a t oug ^ 
there were no signs of thrombophlebitis or phlebothrombosis of the lower extremities. At 
.A.M:. a bilateral cervical sympatlietic block was performed with 1 per cent novocain, 
patient died approximately fifteen minutes later. 

Autopsy Examination. —At the point of anastomoses there was a fistula 
aorta and esophagogastric anastomosis apparently created by a suture which passed t iro 
the media of the aorta and the esopliagogastric anastomosis. This had resulted 
hemorrhage from the aorta through this fistula into the stomach and bowel. This o 
tended up behind the esophagus into the neck, behind the great vessels and along e p^^^ 
vertebral spaces. The remainder of the gastrointestinal tract contained approximate y 
c.c. of fresh blood. This figpire of 3,000 represented the measured amount of blood. ^ 
tion, there was a large volume of blood which poured out of the bowel wdien it was 
Examination of the pancreas revealed it to be hard and indurated along the superior 
w'here it was matted to several celiac nodes. . , ,o\ old 

The examination of the brain revealed: (1) cerebellar arteriosclerosis an 
encephalomalacia. ^-ith 

The conclusions were: (1) metastatic squamous-cell carcinoma of the 
extension into the pancreas; (2) an aortoesophagogastric fistula with an extensive 
from the aorta through the anastomotic line into the gastrointestinal tract an 
mediastinum. 


Operation by a colleagvie, assisted by K. A. M. 
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Cabf 2 (L-]a03).—It. L., n SO-j-cnr-old white nino, wn« first ndmilted to tbo St. Johns 
Hospital, St. Paul, Minn., and was transferred to the University Hospital on Nov. 24, 1D47, and 
disclinrgod on Jan* C, 1948. 

History ,—Tho patient gave a Uistorj* of anorexia, some pain in the cpigastriom, and 
minimal dysphagia of approximately six weeks dnmtion. Tho patient had lost twenty-five 
pounds in this period. 

Physirtil Hxnmination .—Tlio physical exarainatlon disclosed a somowhnt emaciated 
adult man. Tho rcmnlnder of tho examination was essentially negative. 

LaVoratory Findings .—The laboratory findings revealed a normal blood plclnre and 
nrinc. On nn x-ray exarainatlon of the chest, the heart and lungs wore found to bo normal. 
A gastrointestinal study ^-aa performcil, at which time n transient obstruction to tho flow of 
barium In tho esophagus at the level of tho ninth and tenth dorsal vertebra was observed. 
There appeared to be a slight constriction of the esophagus in this area and a small mass on 
tho posterior miU projecting into the lumen of the esopliagns. The esophngoscopist reported 
a small granulating nren nt tho point of tho junction between the middle and lower tliird of 
the esophagus. A biopsy aus taken. 

The microscopic examination of this area showed infillrating aberrantly growing 
masses of squamous epithelium. 

Tlie diagnosis was a sqonmous-coll carcinoma of the esophagus. 

Operation.—Tlie patient Avas prepared for surgery, nnd on Dec. 9, 1947, a left posterior 
transthoracic approach cxclfung the sixth rib was performed (K. A. iL assisted by E. C. E.). 
No palpable nodes wore present. Tho lesion in the esophagus was found nt the junction of 
tho middle and lower tlilrd of tho esophagus nnd was tlie site and shape of a small lemon. 
Tho esophagus proxlmally was fcacrifice<l immediately distal to and underneath the arch of 
tho aorta. The distal line of resection was through the junction of tlic proximal ono-fourtli 
and distal three-fourths of the stomaclu The loft gastric artery was amputated at the site of 
its exit from tho celiac axis. Tho distal stonmdi then utis close<l by running sutures supple¬ 
mented by on additional row of 0000 Doknatcl sutures. Tho spleen wns sacrificed during tlie 
operative procedure. An esoplingogastrostomy wns performed in tho usual fashion. Two 
catJicters were placed in the chest, one posteriorly along tho posterolateral gutter, and the 
other was placid at tho slto of tho anastomosis. Caro was taken to wmp tlie anastomosis 
with a substantial portion of tlio gastrosplcnic ligament This wns not sutured In place. 

Postoperative CoMrsc.—Tho early postoperative course was smooth} tlio highest elevation 
was 100J2* F. on the fourth postoperatire day. The temperaturo then fell to normal the 
following dny. Ihiring the early postopemtlvo days difficulty wns encountered in the expansion 
of tho left lung. On tho ninth postopemtive dny tho temperature, having been normal for 
fivo days, rose to 102® F. By moons of asplratioo nnd the insertion of additional catheters 
in the chest under >vatcr-seal drainage, tho lung finally re-expanded. On tho seventeenth post¬ 
operative day a foul drainage was noted from tho intercostal catheters. The presence of a 
fistula was suspected. Methylene blue given hy month confirmed tho diagnosis. The patient 
who hod been eating six small feedings dally was taken off nil feedings by mouth with the 
exception of one ounco every hour of distilled water containing 1,000 units of penicillin per 
cubic centimeter. AVitliln three days tho fistulous tract could bo no longer demonstrated. 
The empyema cavity then was Irrigated with Dakin's solution ever}’ four hours. The re¬ 
mainder of the conTnleseenco >rnB uneventful, nnd on Dec. 30, 1947, after the Instillation of 
10 e.e. Lipiodol, an open thoracotomy was established througli the bed of the ninth interspace 
posteriorly. Tho patient was dlscluirged six days after the last operative procedure. 

FoUov~vp .—Within a sliort period of time the empyema cavity had healed nnd the 
thoracotomy tul>e was removed. The patient was able to take semisolid food without dlfilcnlty 
m swallowing. An x-rny examination on Jan. 14, 1948, revealed some slight area of narrow- 
lug at the point of anastomosis. There was evidence of n blind tract extending from the line 
of anastomosis laterally for approximately 1 cm. nnd approximately 3 or 4 mm. in diameter. 
Dilation was carried on with the ^Hncent type dilator. A No. 21 French dilator was passed 
without difficulty. Subsequently, a No. 31 French followed by a No, 37 French dilator u'as 
pa-ssed without undue difficulty. 
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On Feb. 27, 1948, following a rather large dinner, the patient complained to mcmben 
of his family of a rather sudden severe substemnl pain and dyspnea and shortly become 
apprehensive. This was followed by a moderate-sized hematemesis. He was admitted im¬ 
mediately to the liospital. 

Second Hospital Admission .—The patient was admitted at 8:45 p.m. on Feb. 27, 1948 
and died at 1:00 p.m. on Feb. 28, 1948. 



Fig. 1.—^Autopsy specimen. The esophagus and stomach have °?probal>ly 

In the midline. A, Anastomosis of the esophagrus to the stomach; .hji®,.I-jipg• 0, 
sente a separaUon of tee anastomosis) at tee esophageal gastric anastqmoG^jwe / line of 
esophagogastric fistula; D, arch of the aorta; E, esophagus; f , ri 
Inversion of tee distal residual gastric pouch; H, pyloric sphincter 
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Tlio pnticnt w-ns entirely conHclou«« upon ndmlasion. The McmxI pressure wns 88/04, 
pulse 320, respimtions ^cro 24. fihoek block« were Insortcil under the foot of the lx?d, nnd 
morphine snlfnto wns administered. Periodimlly he continued to vomit varying oraountB of 
bright red blood. (The Inrpeat mensurotl amount uns 3,300 e.e.) Although the patient 
apitonred to l>o despemtely ill, he continued to Ik* conscious and responded well to questioning 
up until his death the following day at 1:00 r.u. The total amount transfused before dentil 
wuB 5,000 c.e. of blood, calcium having Itoen given during the night. 

Because of tlio previous experience of observing an nortoesoplmgogastric fistula fol¬ 
lowing nn csophngogjistrostomy in this locution, this diagnosis was entertained in this 
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patient. At no time during the patient’s second admission to the hospital was he in a 
condition sufficiently satisfactory for an exploration of the site of the anastomosis to he 
contemplated. 

Autopsy Examination.—At autopsy* an aortoesophagogastric fistula ^vas found ivliich 
measured 6 mm. in diameter on the aortic side, 'Within the lumen of the esophagus and 
stomach corresponding in position with tlie aortic perforation, an ulcer (2 cm. in diameter) 
at the esophagogastric anastomosis on the left lateral side was found (see Figs. l and 2). 
There was no emdence of recurrent tumor. An incidental finding was the presence of a small 
area of irregular glands in the prostate which were histologically malignant. MicroscopiesUy, 
the ulcer contained acute and chronic inflammatory cells. The margin of the opening in (he 
aorta was necrotic and also was infiltrated with inflammatory cells. 


DISCUSSION 

The proximitj" of the aofta to the line of anastomosis iindoitbteclly (arries 
with it an additional hazard. If trauma to the aorta is avoided and primary’ 
healing of anastomosis occurs, this complication probably will not occur. In 
each of tlie cases presented, one of these factors plajmd a role in the development 
of the aortoesophagogastric fistula. 

In the first ease, the aorta wms traumatized by a misplaced suture passing 
through the media of tlie aorta and the esophagogastric anastomosis. In ihc 
second case, m spite of a carefully performed completely satisfactory’ anastomosis, 
leakage occurred at the suture line (seventeenth postoperative day) 'with the 
development of an esopiiagogastric pleural fistula. This area almost immediately 
was sealed by the juxtapositioned aoita. It is conceivable that such a fistula 
might coimnunicate wth the main pubnonaiy artery, the inferior pulmonary 
vein, or the broneliial vessels. The major pulmonary vein is wtU protected b) 
the interposed bronchus. The vessel involved, of course, rvould depend upon t c 
level of the anastomosis. However, the danger of a venous erosion is less lib 7- 
It Ls well knorvn that in the presence of infection because of the constant jmlsation 
of an arterial vessel, perforation is more likely to occur in an artery than m a 
vein similarly exposed. 

It is apparent that in order to protect the patient against the possibihty 
of such a complication, it is important to avoid direct contact of the 
line wdth any major vessel in the area. This can be accomplished readily y ^ 
interposition of a satisfactory’ tissue between these structures. In the seco ^ 
case, wdth the observation of the first catastrophe stiU fresh in mind, a arg^ 
portion of the gastrosplenic ligament was spared in the abdominal 
for the express purpose of w’rapping it about the anastomosis. This was 
At the time of the autopsy the aorta w’as adhered to the esophagogastric 
tomosis and, in addition, the wall of the aorta foinred the base of then cer o 
at the anastomotic level. This finding suggests that either a 
gastrosplenic ligament took place or the position of this tissue was a tere 
the patient assumed the upright position on the firtt postoperative 
retrospect, the choice of tissue ivas a poor one. The gastrosplenic 
receives the major portion of its blood supply from the vasa brevia 
the distal portion of tlie splenic artery’. These arterial vessels usually’ are 
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when n concomitant splenectomy is performed nud/or sacrificed when the 
stomach is mobilized for its craniad intrathoracic displacement. In order to 
obtain a tissue Arith an intact blood supply, n portion of the gastrocolic ligament 
which is well nourished by the right gastroepiploic artery should he utilized. 
Furthermore, in order to he a.ssurcd that this tis.suc will remain hi position when 
so placed, it should he sutured carefully about the esophagus and the retro¬ 
esophageal tissue. In this fashion any direct contact between major vessels in 
this area and the aso])hngu3 is obviated. 

There are certain common features in these cases which should allow serious 
consideration of a diagnosis of aortocsophagogastric fistula. In each instance 
an esophagogastrostoni}- had been performed iinmediatcl.v distal to and under 
tho arch of the aorta. This fact, combined with the subjective findings of sudden 
pain in the chest accompanied by d.vspnea and apprehension, plus the objective 
findings of a varj-ing degree of shock accompanied by hcmateinesis, should allow 
tho presumptive diagnosis to be made. In the second case, there was no vomiting 
of blood in tho usual sense but rather a regurgitation of the blood tvithout 
wrctching or any obvious effort. 

Granted that the patient’s condition can be impiuved sufficiently by massive 
transfusions to allow the consideration of a surgical approach, the arterial defect 
could be explored and undoubtetll.v, in certain instances, closed without great 
difficulty. Certainh- there is cverv'thing to gain and nothing to lo.se by sttch a 
maneuver. In Case 2, although the tis.suc oliout the pei-foration was necrotic 
for approximately 1 mm. with aeuto and chronic inflammatory- cells present, the 
consistency of the aoila 1 or 2 mm. pcriphcrnlward about the circimifcrcnee of 
the fistula was of .sufficiently good quality to allow a satisfactory closure of 
tho defect. 

Only hy such an aggi-cssivo apimoach can the life of a patient who othenvise 
is doomed be salvaged. 

SUMMARY 

The unusual complication of an aortocsophagogastric fistula resulted in the 
death of two patients herein reported. Both patients had been subjected to 
esophageal resections for carcinoma with the restoration of the continuity of the 
gastrointestinal tract by an esophagogastrostomy distal to and underneath the 
arch of tho aorta. Certain aspects concerning the avoidance of this complication 
have l)cen discussed. The clinical features observed in these two eases have 
been presented. The consideration of this complication as a diagnostic possi¬ 
bility has been stressed. Tho feasibility of a surgical closure of the defect has 
been predicted. 



ANEUEYSM OP THE FIRST PART OP THE LEFT SUBCLAVIAN 

ARTERY 

Re^ew of the Literature and a Case History 

Leslie J. Temple, P.R.C.S. 

Liverpool, Engl/Vnd 

E ver since the second century, Avlien Antyllns (works of Oribasius) first 
descrilied what is now the inodei'n surgical treatment of aneuiysms, ligature 
of tho fii’st part of the left subclavian artery must have been in the nature of a 
challenge to surgeons. No one can fail to be thrilled b}' Halsted’s words (1920): 

In ligating the first portion of the left subclavian in the chest the operator 
may not, as formerl}', be more greatly impressed by the magnitude and cleverness 
of his performance than by the miraculous effect of the ligation of the artery 
upon tho great pulsating tumour which with each beat of the heart jarred the 
whole frame of the sufferer. The moment of tying the ligature is indeed a dramatic 
one. The monstrous booming tumour is stilled by a tiny thread, the tempest 
silenced by the magic wand. 

It is true that many men revered in surgery have condemned the operation 
as impossible. On reading the accounts of earlier operations, particularly those 
of the pre-Listerian era, this attitude can be understood. Of the 21 cases co - 
lected by Halsted up to 1920, there were 8 patients who died and only 8 t'cre 
knouTi to be cured. In onlj^ 2 patients did the aneuiysm originate as far 
medially as the junction of the fii’st and second parts of the artery. In all escep 
1 tho ligation was undertaken from above and anteriorly by dividing the sterao- 
mastoid after resecting a portion of the clavicle and sometimes resecting t p 
manubrium and even one or two inches of the first rib. Even in the patien s 
who recovered, the morbidity was high, due to damage to the thoracic 
the pleura or sepsis resulting on tamponade for uncontrollable bleeding. 8 
sted’s critical comments on each of the cases described are still invaluai e, 
although when he wrote his monograph Alorriston Davies, Saueihiaic , 8^^ 
other's had shovui that the pleural frontier could be violated with 
idea of a transpleural ligation does not seem to have occurred to 
one of the cases he describes was a different approach used. Shein I 
operating for what he believed to be a subclavian aneurysm, resecte 
inches each of the second, third, and fourth ribs posteriorly and approac le 
mediastinum extrapleurally^. He found it easy to ligate the subclavian, 
unfortunately the aneurysm originated in the aortic arch. 

Lee, Alitchell, and Peacock (1934) described a successful opeiation^^^ 
superior approach for a traumatic aneurj^sm of the first part of the e 
clavian arteiy. From the literature they were able to collect 128 cases o ^ 
matic aneury^sm of a subcla-\dan arteiy since 1767, including Base 
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Souchon’s (1895) collcclcd enscs. The oiilj- additional cases, Iiowever, in wliicli 
quite indisputnldy the liret pail of llic left .sul)oInvinn was ligated, wore those 
of Yon Hahci'er and their own. 

Von Hahercr (1916) operated on 72 jratioiits witli aneuriTinr duo to gauishot 
wounds, 7 of whieli were in the left snhelavian arter.v. h'our of tlieso involved 
the first part of the arterj' and were cxjxjacd hy divi.sion of tlie clardele. In 2 
patients, after excision, an anastoniosi.s of the artcnal ends was perfonned. 
There wa.s one death in this acrie.s. The icinaining 3 patients were dealt with 
by supraeln\nculnr incisions, with an ana.slomosls in one. 

Kirclmer's (1927) ease was due to a wound received in 1917, and the patient 
was operated upon in 1927 hy a supruelnvieular route. 

A search of the literature ainec then levcal.s comparatively few cases, c.xcept 
tliosc associated with cen-ieal rilw. These, I feel, come into a separate categorj', 
partly because the aneurj-sm alwa.vs I'onns distal to the point of coin])i-cs3ion 
(JlacFec, 1940) and Ls tlnrs leadily aeeessihle to the surgeon, and also l)ecau3c 
the condition is almost always relieved by removal of the offending rib. Lindskog 
and Howes (1937), in addition to reporting a ea.se, renewed the literature of 
ancurj-sms nssociatc<l with ectwieal lib and ranebe<l similar conclusions. 

iVn important step forward was made by llenrj- (1923) who, from the d's- 
sceting room, dcscriherl a posterior mesliastinal approach to the flist part of the 
left suhelavian. The soft tissues are tui-ned up ns a medially hinged flap, and 
the hack end of the second rib and the tran.svci'so process are resected The 
pleura is stripped front the niediastinum and the origin of the artert.- exposed. 
Ho quoted Sherrill’s case as the only patient netunlly opcratetl upon by posterior 
mediastinotoiny. 

Wright Smith (1927) reportctl a iialicnl with s.vphilitie nnourj-sm of the 
second and third parts of the left subclavian operated upon by Hailes. Hailes 
resected the posterior ends of the second and third lihs to reach and ligate the 
first part of the artorj". Thus, although Wright Smith called it a Henry opera¬ 
tion, it was much more like Sherrill s original approach. 

Nelson (1932) quoted a ease by Alexander, who approached a right sub- 
clarian nneurj'snr by a similar route, but on this side it was less successful, and 
after a suh.sccjuent operation from the front to ligature tlie innominate artery, 
the patient died. Incidentally, during the jm.stcrior mediastinotoiny, the pleura 
was unintentionally widely opened. 

Henrj-’s approach, howei'er, foiuid approval, ilatas (1026), reneiving 
twenty-five years experience, mentioned six ligations of the first part of the left 
8ubcla^^an for aneurj'sm, only two being intrathoracic. The approach was 
alwaj's the chassical one from alxive and in front, hut he concluded by recom¬ 
mending HenrA’’8 operation. Similarly Elliott (1932), altliough he described 
no relevant ease in his discussion on sidielavian ancurj-sm, commended Henrj-’s 
approach. 

Jlnllor (1935) de.scribed a traurantie aiicugj'sm of the second and third part 
of the left sulielaAdan. He ligated the first part of the arterj- by the antei-ior 
extrapleural route and subsequently BHCce3.sfully excised the tumor. He loviewcd 
the literature and discussed the subject. Worth mentioning is his comment from 
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Elliott’s earlier paper (1912), that for aneurysm of the third part of the sub- 
cla-tuan the fii’st part of the arter 3 ’- should he ligated as a preUminaiy. In view 
of the ease now to be reported, two points in his paper are particularly signifi¬ 
cant. After careful stripping of the pleura in the anterior approach, it became 
tom, but no ill effects resulted. In his discussion he stated that if the aneurysm 
was in the first part of the left subclavian no treatment was possible except distal 
ligation. 

The literature of World War II does not seem to include many relerant 
cases. Adams (1946) reported six subclavian aneuiysms but did not give details. 
In each case the approach was thi-ough or above the clavicle. 


Schumacker and Carter (1946), revievdng arteriovenoas fistulas and arterio¬ 
venous aneuiysms in military' pei’sonnel, described 364 cases. These included 
10 subclavian fistulas and 5 aneurvsms mth 1 operative death in the latter 
group. Side and site of the lesions Avere not stated nor was the operative 
approach described. 

Elkin (1946) discussed 450 eases of aneuiy.sms and arteriovenous fistulas 
in military pei'sonnel. In 45 patients part of the clavicle was resected but these 
included carotid, innominate, subclavian, and axillai^" aneui’j'sms, with propor¬ 
tions not stated. Significantl.y, the only death was in a patient in whom the first 
part of the left subclavian was affected, and was due to failui-e to get a suture on 
the proximal end of the arteiy through the exposure used. 

An anterior combined thoracic and cervical approach to the left subclavian 
was described bj* Wilson and Can* (1948). In a case of arteriov'enous aneuiysm 
they’ divided the stemomastoid, removed the medial three-quarter’s of the clavicle, 
divided all the ribbon muscles, and split the sternum to the level of the thi 
rib and cut across laterally to aid retraction. They then proceeded v\ith an e-xtra- 
pleural exposure and successful treatment of the fistula. 

Freeman (1946), describing 23 cases of aneurysm and fistulas due to var 
wounds, included an arteriovenous fistula of the left subclavian and the e l 
innominate vein. The operative approach included division of the stei’nomas oi 
and strap muscles, resection of one-half the clavicle, and splitting of the steraura 
to the second cartilage. A successful repair was effected, but some wound in ec 
tion necessitated reopening of the wound. The final outcome was satisfaetoiy- 

Rehn’s eases (1942) appeared to concern the third part of the artery onb^ 
Other authoi’s with extensive experience of war wounds of the chest ^ 
no relevant cases. These include It'IiscaU and Harrison (1947) wdio reporte 
chest wounds, Martin (1947) who did follow-up on 106 cases for three 
Snyder and Tropea (1947) who reported 678 cases, and Tudor Bdwmrds ( 
who, iir his surveys of war wnunds and injuries to the chest, did not mention^ 
particular injury. It is concluded that wounds involving the first pait o 


left subclavian resulted in death and not aneuiysm. 

For the sake of completeness it should be added that two 
have been published in the Russian journals and two othei-s by Bste ^ 
and Perrotti (1947) could not be obtained, and it is not known wiiet ler 0 


the subclavian aneuiysms which they described are relevant. 
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A scnrcli of tlio I'ccords of the Ijivcri)ool nnd North West Regional Chest 
Surgical Unit since 1940 revealed o)dy one ease of nncui’j'sm of tlie first part 
of tile left snljclnvian arterj'. This patient, a soldier 28 years of age, wlio sns- 
tninctl a gnnsliot wound of the left axilla at Anzio in February, 1944, was 
operated upon h.v Jfr. 11. Jloriislon Davies in .Tune, 1944. Tire foreign body 
responsible for the ancurr-sin was aceuratoly localized by roentgenognim and 
the chest oirened by an inciaioir into the third interspace from in frxint with 
dirnsion of the cartilages. The plcunt wa.s opened and the adherent lung freed. 
A rronpulsating swelling was found at the junction of the left subclavian and 
aorta corresponding to the site of the metallic foreign body. A needle was 
inserted into the .swelling hut only fibrinoirs llnid wa.s obtained. A sccoird needle 
was then inserted and blood under pressure forced up tlie pistoir of the syringe. 
At the same time blood begait to simrt from the first needle hole. Both holes 
were oversewrr and tlie chest clo.sed. The patient su/Tcred no ill clTccts but a 
roentgenogram one month later showed an inci-case in the size of the ancurj'sm. 
lie was trarrsferrod to a llitdalrr' of Pensions hospital and no further records 
are available. This case has been quoted in full, ns it is the only one I have 
found recorded in which a direct intrapleural approach to the left .subeln\-inn 
nrterr' has Ireen made. 

The report of my own ease follows. 

Tlio patient wim nn oopiio driver, ngcil -10 yean*, who wnn admitted to the Liverpool 
Che^t Barfficnl Contr<' on Aufj. ,1,1048. 

The history fpven was that ho hoenme ill with pnoumonifi of thp left lung on May 8, 
1048, and t»pont n\x wcoku in bed. At the end of tiint time ho wop quite well, without 
coagh or dyspnea, or pain in the chont. Hi« own doctor examined him before sending 
him Imck to work and found almomml phynical eigne, as a rmilf of which roentgenograms 
were made nnd eventually the patient was wnt to the Chest Unit, lie lind no complaints 
whateoovor at the tinio and was anxious to got back to \vork. 

On examination ho was a spare but healthy looking man, rather young for liia age. 
The moat striking feature was a fully dovolojMyl left ITorner’s syndrome (Fig. 1). After 
queationmg about this, ho stated that in Fcbruaiy, 1940, he was knocked down by a railway 
englno and fell striking his chest on a projection on the ground. He spent ton dajTj in the 
hospital after this accident, but roentgenograms were not made; on discharge he noted a 
dlfferenco in the size of his eyes for the first time. Tho condition had never worried him 
greatly nnd had not altered in appenrnneo since. There was no sign of finger clubbing in 
either hand, Init the left hand was definitely warmer than the right. Radial pulse* were equal. 

On examination tbo upper left part of the chest/ back nnd front, was stony dull to 
P^ossion, and brcntli sounds wore absent. No other abnormnlitj* whatsoever was noticed. 
A roentgenogram of the chest sliowed a large rounded tumor extending from the apex of the 
thoracic cavity domi to tlie seventh rib posteriorly nnd reaching medially to the mediastinum. 
This opacity wng clearly defined nnd rounded. The rest of tho lung fields wore clear. (See 
roentgenograms illustrated in Figs. 2 and 3.) The tumor did not pulsate on screening. 

Blood count otib within normal limits, Wnsserraann reaction and Melnicke u-ere nega¬ 
tive, and a Gasonl test proved to Iw negative. Sputum was mucoid and contained buccal 
flora only. 

I Iiad not much doubt tliat this wia a case of neurinoma of some type, either originating 
from one of the intercostal norvos or, in idew of tlie sympatlietic paralysis of tho eye and 
loft upper limb, originating from tho sjunpathetic cimln as a ganglioneuroma. If tho former, 
tliCTo was of course tho possibility of nn extension into the spinal canal; tlierefore, 1 asked 
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Mr. E. H. Hannali of tlie Liverpool Neuro-Surgical Unit to see the patient, and he agreed 
tliat there was no direct involvement of the central nervous sj-stem and he was prepared to 
bo present at the operation and undertake the removal of any part of the tumor tliat entered 
the spinal canal. 



Fig. 1.—Photograpii of tiro patient showing ’tlie ptosis enophthalmos and small pupU, leh 

side. 



Fig. 2.—Posteroanterlor roentgenogram of tlie chest. 
Fig. 8.—^Lateral roentgenogram of the chest. 
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Operation \va» nndcrtnkpn on Auj;, 25, Ift-IS. Anesthesin conjilsted of Tulwirine, Ponto- 
thftl, nnd nitrous axlde*j n blood trnnsfusion \nis startixl ninninp slowly in tlie saphenous 
vein Ijcfore the opemtion was Ix'ijun. The patient I>elng in the Intcml position, the fifth rib 
was rcsccto<l and tho fourth anil thinl ribs dhidetl posteriorly. Tlio pleura ^^lfl opened, but 
the pleural space was almost completely oblitemtotl by adhesions, and the lunp was separated 
only with considerable difileulty. A largo tumor in the aitox of the chest was closely adherent 
to tho lung itself nnd could bo sepnrut»Nl only by sliarp dissection, danuiging tho lung some* 
what in llie process. Tlie tumor utis further define! once tho lung freed nnd on the 
posterior surface stripped extrapk-umlly. It was found to l)e attached to the first thomrle 
nervo at its origin and was hard, not pulsntile, but somewhat cystic to feel. On medial dis¬ 
section tho sul>cluvian nrtcrj' appearotl to ruu into the sul>stnncc of the tumor within one 
inch of its origin from the aortic arch and only left it at the inner edge of the first rib. It 
was still not certain whether this was adherence or whether (he tumor was an aneurysm (Fig. 4). 
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Flff. 4 .—The tumor qs seen at operation. 

A purse-string suture \Tnt placed around ono point of the ancurysca and a needle inserted. 

One hundred cubic centimeters of brownish altered blood were aspirated, after which 
the needle was withdrawn and the purse string tied. This produced some diminution In 
the tension of the cyst for the timo being, but It soon beenrao ns tense as I>efore, and 
during the later dissection, tho purse string oi)Cncd nnd this time bright rod blood spouted 
from tho needle puncture. Uoforo proceeding furtlicr n loose thread w'ns put nround the 
origin of tlie subclavian and one at Ujo inner Imnlor of tho first rib. At this stage tho sub¬ 
clavian was digitally compressed against tho first rib, nnd the appearance of his left hand 
^8 noted. It was somewhat cynnosod, but the skin circulation socmo<l to persist. No 
^ial pulse was palpable. It now soomed clear that the tumor was an aneurysm, and an 
attemp t was made to separate it from tho subdavluii arterj- and narrow its pedicle, A 

•Administered by JJlss Noel Fenton. 
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large number of small vessels were dealt with and hemorrhage controlled, until on 
further separation of the aneurysm from the wall of the artery a very copious hemorrhage 
ensued. Traction on the two ligatures that had l>een passed around the subclavian failed to 
control it, so rubber-covered clamps were applied to the artery at the same points. The bleed¬ 
ing still occurred as soon as the compressing finger was removed. Later I found that one of 
tho rubloer-covered clamps was defective and it seems this was the cause of the failure to 
control hemorrhage by tliis method. Clamps Avere then applied directly to the bleeding part 
of the artery, the aneurysm rvas separated from it and dissected away leaving a corn'iderahle 
gap in the side of the subclavian artery. Tire mass stripped quite easily off the first thoracic 
nerve to which it Avas attached only by fibrous tissue. The subclaAuan arterj- Avas ligated and 
then transfixed one-half inch from its origin on the aortic arch and again immediately Mow' 
the origin of the internal mammary artery. The intervening portion of the damaged artery 
was removed. The chest Avas closed AA-ith an underwater-seal drain. Examination of the sac 
showed it to be almost filled AAdth laminated blood clot, and it was reported on by the pathol¬ 
ogist* as follows: A cyst about 4 inches in diameter Avas receiA'ed containing blood. The thin 
part of the Avail consisted of compressed acellular connective tissue. A small thick portion 
shoAved organized clot into Avhich new A’essels Avere groAving. The Avail of this part Avas of 
chronically inflamed fibrous tissue, in AA-hich AA-erc identified blood A’cssels, nerves, and some 
islands of elastic tissue. The appearances AA'cre consistent Avith the diagnosis of aneurysm. 

At the conclusion of the operation no left radial pulse Avas palpable, and the blood 
pressure could not be measured in the left arm. The hand was someAvhnt cyanosed, but the 
skin circulation was reasonably brisk. Nursing care included keeping the body as Avarm a? 
possible, with the arm lying horizoutally and at rest outside the bedclothes. At no time did 
he give rise to any anxiety Avliatsoevcr, and Ave could not stop him using the arm for liglitmg 
cigarettes, etc., after the first postoperative day. 

Three weeks after operation he continued to have no left radial pulse, but there were 
no sensory changes and no loss of poAver in the arm. The cyanosis had disappeared and the 
hand remained warmer than the other one. Tlie patient Avas then given permission to return 
to his job, which he aars very axious to do. Most surprising of all, there liad been a definite 
diminution in the ptosis of the left eye, although the pupil remained small. 

DISCUSSION 

Discussion centei's on two aspects of the case, diagnosis and operati\e 
treatment. 

Preoperative diagnosis was missed largely because insulBcient attention tvas 
paid to the history. The historj^ is given as it was received, and there^ was a 
tendency to dissociate the accident from the appearance of the Homer s syn 
drome, assuming that the stay in the hospital merely drew the patient s attention 
to a pre-existent state. Had the history been presented simply as that o an 
accident followed immediately by the appearance of Homer’s syndionie an 
thereafter the discovery^ of an intrathoracic tumor, it is more likely ^ 
diagnosis of aneurj^sm Avould have been reached. The failure to detect pu sa lo^^ 
on screening is not surprising. The aneurysm in Mr. H. Morriston Davi^ 
did not pulsate, and Kerly (1939) stated that only 25 per cent of intiatioraw^ 
aneuiysms shoAv expansile pulsation on screening. The fact that 
palpable tumor or pulsation in the neck is more significant. None of t e c 
in the literature reviewed was so completely intrathoracic as this one. 

That the trauma of the patient’s accident was sufficient to cause ^ 

rupture of the artery there is no doubt. Wliile most of the to 

described Avere due to peneti’ating wounds from shot or steel, some A\ere 


•Dr. Taylor. 
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simple fractures niid not n few to compnrntivcly minor injuries such ns n fall 
on the football field. Simpson (1940-1941) dc.serihcd a number of fatal injuries 
to the intrathorncic vessels from minor traiinm. Nelson, recoi-ding his cn.se of 
innominnto aucuin’sm, mentioned four other eases of nncinysm due to fracture 
of the clavicle, although no ca.se involved the first part of the left suhclaman 
artery. 

During the operation, the (ptcstioii of anastomosis of the arterial ends did 
arise. In s-iew of the fact that after oeclnsion of the nrterj- an adequate blood 
supply to the limb was maintained, it was deeideel not to take the extra risks 
of an nna.stomosis. Although the word ‘‘adventurous'' is perhaps no longer 
relevant, one may still ponder on Jlatas’ words, “When operating, the surgeon 
should not olwtinately imsist upon re-establishing the continuity of the damaged 
arterj' by juggling with eomidieated, hazardous, uncertain and adventurous 
methods.” 

As I have pointed out, apart fisan .Morriston Danes’ unimblished case, I 
knoa- of no direct tran.sptcural appraaeh to the left .•niliebivian artery. In read¬ 
ing the accounts of the operations by other routes, one is impressed by the cour¬ 
age of the various surgeons who undertook them. 

By contrast, the operation here de.scribed was a relatively simple one. An 
inspection of the interior of the left thora.x reveals at once the whole of the first 
part of the subclanan artery and its internal mainmaiy and costocervieal 
branches Iteforc any dissection is undertaken. .Surely this route, alone or com¬ 
bined with a snpraclancular incision in ease.s where the second and tbii'd part 
of the nrterj- is also involved, is the method of choice. Injury to the pleura is 
frequently mentioned us a complication of both the anterior and posterior extra¬ 
pleural appronchca. Sometimes it praduced iindosindfie results, sometimes it 
did not. If the opeidng is missed or is incompletely sutured, if the anestlietist 
has not adequate control of the lungs, if air remaining or fluid appearing in 
the pleural space he not evacunlcd, then indeed, opening of the pleura may be 
a dlsnstci'. If, however, a deliberate thoracotomy is undertaken, the complication 
rate will Ire negligible from this soiu-ce. 

It is undoubtedlj- pr-csumptuoini to argue on the strength of one case, but 
aneurysm of the first part of the left snlrclariair artery occurs only rarely in the 
practice of anj- sirrgcon. Diminrrtion irr the complications of this condition will 
occur only when it is recognized that the correct surgical approach to the aiterj', 
whether anteriorlj- or posterolatcrnllj-, is by direct thoracotomy. 

It might not bo out of place at this stage briefly to describe the collateral 
cirerdation likelj- to take place after ligature of the first part of the left sub¬ 
clavian arterj- (Fig. 5): 

1. Between tlie vertebral artery and the vertebral arterj- of the opposite 
side and mth muscular branches of the occipital arterj- 

2. Between the inferior thjToid arterj- and the superior thj-roid and 
other muscular brandies from the carotid 

3. Between the ascending branches of the transverse ceiwical and tlie 
deep cci-vical branch of the costocoi-vical, anastomoshig witli descend¬ 
ing branches of the occipital artery 
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Fig. 5.—Diagram of the anastomosis afte 
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ciisscd. A plea for transpleural exposure of the first part of the left subclavian 
nrtcrj' Is made. The collatcml eireulation after ligature of the first part of the 
left subclavian is briefly mentioncil. 

In this [mj>or I moftl prntffully acknowledge niy tiinnks to ilips Ihiclavortli 

for tJio (Imwlngji, to Mr. II. Jlorriidon Dnrlon for hi* ndrico nnd enoourngement, and to Mr. 
F. nonnld FkUvnrda wIiom* eritlci*ni nnd ndviee lin* l>een inxiilimble. 
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THE TREAT]\IENT OP PULMONARY HYDATID DISEASE 

M. P. SUSMAN, P.R.C.S. 

Sydney, Australia 

I N A most interesting and instinctive paper on “Nonmalignant Intratlioradc 
Lesions Simulating Bronchiogenic Carcinoma” by Brewer, Jones, andDolley,' 
there appears this statement about the treatment of liy^datid cysts of the lung: 
‘ ‘ Since the best treatment for echinococcus disease is pulmonary resection, if 
the condition of the patient permits, pulmonaiy resection is the procedure of 
choice. ’ ’ 

AVith this advice I heartily disagree, as do most Australian surgeons vith 
experience in the treatment of hydatid cysts. Logan and Nicholson^ have mit¬ 
ten in favor of lobectomy, and the indications for lobectomy have been dis¬ 
cussed fully bj’- Barrett.^ In a recent paper^ I gave my reasons for opposing 
many of Barrett’s indications. Since then I have had twelve additional cases, 
and these have serv’^ed to conhnn my advocacy of conservative surgery for 
most hydatid cysts even when complications have already occurred before 
operation. Let me quote, from the summary of this papeiA the treatment that 
I recommended: 

tVhen the lung is adlierent to the chest wall: 

a. If the cyst is not infected, the contents are removed and the adventitia 
is closed. 

b. If the cyst is infected, the contents nre removed, and the cyst space is 
drained. Should the pleural cavity be entered during the operation it must be, 
securely closed before opening the adherent cyst. 

IVlien the lung is not adlierent: 

a. If the cyst is not infected, the pleural cavity is freely opened and pro¬ 
tected, the contents of the cyst are removed, the adventitia is closed and sutured to 
the chest wall, and the pleural cavity is drained, with a water seal, through a stab 
wound. 

b. If the cj-st is infected, the pleural cavity is opened and protected, the 
contents of the cyst are removed, the cyst space is drained and marsupialize , 
and the pleural cavity is drained through a stab wound. 

Lobectomy may be necessary for the following conditions: 

1. Serious hemorrhage from the cyst space during a conservative operation. 

2. Eesidual bronchiectasis, if symptoms warrant it. 

3. Empty sac, if hemorrhage or infection warrant it. 

4. Wlien the diagnosis is uncertain. 

5. Giant cyst. 

I have now treated two infected cysts vdthout drainage of the cyst 
just as if they had Iteen uninfected, and in this I havm differed from the a vi 
just quoted. This is not to say that my earlier treatment was wrong, u 
that it may be made still more simple. The records of these two cases o 
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Case 1.—L. T., a Itoy 13 yeani, compinincil of vnpuc discomfort in the right side 
of the chest in Septemlwr, 1917. Tko months Inter ho Imd several attacks of hemoptysis 
nt short intervals, but in the following seven months he was apparently quite well. A 
radiogram taken during this period (April, 1918) showed an opacity in the apex of the right 
lower lobe (Fig. 1). In June, 1948, after falling from a horse, ho had a large hemoptysis 
and Itocnme 111 ^vith n productive cough and fever. There were no abnormal signs to be 
found in the chest, but a radiogram now showe<l a creseent of air In tho opacity (significant 
of rupture of tho cyst into a bronehua) (Fig. 2). Tho Cnsonl tost gave no reaction, and no 
hydatid elements were found in the sputum, but a white cell count showed 5 per cent eo¬ 
sinophils. 

Under intratniehenl nnesthosin tho thorax wna opened througli the posterior part of the 
eighth rib bed. Tho fri'e plcunil cavity was entered and a hard mass in tlie lung was found 
adherent to tho chest wnll just alvove the Incision. The pleural cavity wns shut off, a seg¬ 
ment of tho seventh rib wns rcniove<l, aiid an Incision through tho adlicrcnt zone found pus 
and collapsed hydatid mombrnno. Host of the pus was nspimted and the remainder was re¬ 
moved along with tho merabrnue. Examination with a spotbght showod several bronchial 
fistulas, and at the same time T noticed that the ev-st space wns lioconilng smaller os the sur¬ 
rounding lung expnndoil; at this stage the anesthetist aspirated some blood through tho 
llagUl tube. Tho cjTst spaeo was drictl and powderc<l with penicillin, and then closed loosely 
with four intcrruptoil linen thread sutures. Tho wound wns 8wal)l)ed with 6 per cent formabn 
and dosed with interrupted sutures. Although the cyst wns firmly adherent I put a tube 
through tho ninth Interspace into the pleural cavity to anticipate possible pleural soiling and 
to liasten re-expansion of the lung which wns free eTer>'wherc except at the site of tho cyst. 

Tlio patient made a quick recovoiy; for sovoral dn>*8 lie was febrile and ho coughed 
up some bloody sputum. Tho lung orjmndctl promptly and the intercostal tnl>o wns removed 
on tho seventh day. A radiogram taken on the oightoenth dny showed an irregular opacity, 
ami he tens disclmrgod free of SN'raptoms (Fig. 3). 

Case 2,—J. IL, a man agotl 20 years, had a brisk lienioptj’sis after an injury to his 
cheat In the next seven months ho had reeurrent hemorrlmgcs and gradually some purulent 
spotom wna brought up between these attacks, llis general condition remained goo<l through- 
ant, a point of diagnostic significance. Physical signs wero indefinite and bronchoscopy 
showed nothing abnormal, Tlicre was a radiologic opacity in tho apex of tlie left lower lobe 
(Figs, 4 and 5). At operation T resected n rib too low and the free plooral cavity avus opened; 
there Avns n firm mass in the lower IoIk* adherent to tho chest a all just above tho incision. Tlio 
pleural cavity wns shut off nnd pus with collnpstMl membrane were removed from tho cyst. 
The following steps of tho operation wore as In Case 1. Tlio intercostal tul>o was removed 
on tho fifth day and n radiogram on the fifteenth dny wns clear except for lack of trans- 
Inecncy at the base (Fig. 0). 

These two enses show clearly that after the cyst membrane nnd its puru¬ 
lent contents have been removed, the i*caidual space nnd the surrounding lung 
may be so clean that they can be treated ns being uninfected. I had felt that 
this was so earlier in my experience but had feared to dispense vdth drainage 
of the cj-st space after pus had been found nt operation. 

I am now more than ever comdiiced that the barrier formed by the ad¬ 
ventitia makes all the difference between an infected hydatid cyst and an or¬ 
dinary lung abscess, nnd that, if there has been no soiling of the lung itself, 
closure of the cyst space is safe nnd proper. However, should there be the 
slightest doubt it is better to drain it. 

In the following case I drained an infected adherent cyst without opening 
the free pleural cavity'. 
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{Cane 2).—Lateral mdloprani, nhowlnff cynt In apex of lower lobe. 

(Case 2).—Rndloirrani taken fifteen days after opemtlnn. There In Im-onipleu* aemtlon of the lower 
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Flff. 7. Fler. S. Fig-. 

3).—Cyst of middle lobe, or adjacent part of upper lobe; It has ruptureil Into the bronchus. 

3).—Lateral view correspondinff to Fip. 7. 

3).—RadIos?rarn talcen two weeks after operation, »1iowlnflr Irregular opacity and cavitation. 
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Case 3.—J. C., a bor QffO<l IG j-cani, pnvo a hiatorj* of pleurisy on the ripht aide in 
Januflry, 1947. He soon recovorcnl witliout any rcflidual 5>Tnptoms and remained well for the 
next eiphteon months. Then ho had an aeuto illncaa with fever and productive couph; some 
of the sputum was bloml stainctl. Six weeka Inter he was admitted to the hospital, febrile 
and anemic with a productive eouph an<! sipns of consolidation of the right upjK'r and middle 
lolica. Ho improved \vith chemotherapy and blood transfusion. No hydntid elements were 
found in the sputum, but the Cnsoni teat a-ns positive. A rndlogmm showed an opacity with 
a fluid level in tlie right middle lolw or adjacent part of the upper fobo (Figs. 7 and 8), 

At operation I resectcil n segment of the fourtli rib lx*tuoen the anterior axillary line 
and the costal cartilage. The cyst wns found flrndy adherent at this site and it ^vnB opened 
with n small scalpeb OfTenaive pus and collapsccl membrane were removed. Romo brisk hem¬ 
orrhage followetl this, but It soon stopped. (Hemorrhage after the opening of a hydatid cyst 
Is gomctlmes so severe that lol>octomY must iKi porfornie<l at once.j 

Tlio cavity was several inches in dlnmeter and did not Itocomc appreciably snudler under 
oliscrvatlon; l>ecaaso of this, and beenuse there wn« a larger bronchial fistula than inmnl, and 
because the pus was offensive, I deemed it safer to put in a tnl*c, closing the rest of the wound 
around it. I passe<l an bronchoscope at the end of the operation and nspiratetl some bloody 
pus from the right bronchus. The patient made a good recovery; the tul>c was removed on 
the tenth day and two weeks later a radiogram showed an irregular residual space (Fig. 9). 
The patient was well and symptomless three months later. 

It mnj- be advisnblo to drain both the cyst spnee nnd the pleura! cavity, 
as in the two folIoviiiR cases. 
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Case 4.—T. F., a man aged 53 years, had a “pneumonia” of the left side eighteen 
months before Ids present illness. He was now admitted to the hospital with a suppurating 
hydatid cyst. There were signs of hyporesonanee and diminished air entry over a large 
part of the right upper lobe, and corresponding to these signs there was a rounded opacity in 
the radiogram, -with surrounding infiltation (Figs. 10 and 11). 

In spite of the suppuration his general condition was good. He had about one-halt 
ounce of mucopurulent sputum daily in which no hydatid material could be found. He did 
not react to the Casoni test but the complement fixation test was positive. Clubbing of the 


fingers was noted. 


At operation I removed a segment of the sixth rib from near the angle to just beyond 
the scapular line. The lung was seen to be moving under the rib bed, and I delil)erate!y 
opened the pleura for exploration. I felt a firm mass in the upper lobe adherent farther for¬ 
ward than I had expected, under the fifth rib, near the posterior axillary line. I closed the 
incision in the sixth rib bed and then opened the adherent cyst from which the crumpled 
membranes and some debris were removed. Although the cyst space became smaller under 


observation, I decided to drain it because of some bleeding and because of a fairly large 
bronchial fistula. In retrospect, I think that it would have been quite safe to have closrf 
the cyst space as in the first three cases. I also put a tube into the pleural cavity for ^ea 
drainage. Although his general state remained good throughout, complete recovery ivas 
layed because of slow re-expansion of the lung. However, within five weeks it had complete. 


re-expanded and he was dismissed well. 


Case 5.—J. E., a girl aged 19 years, had coughed up some “frothy materia 
'weeks before admission to the hospital. Her condition was poor and she liad severe ’ - 

the -blood picture showed an eosinophilia of 25 per cent and the hydatid tests were ■ 

A radiogram showed a large air space in the left upper lobe with an opacity at e ^ 

(Figs. 12 and 13). During my absence a surgical colleague operated j^y 

conditions, as the anesthetist refused to give the patient a general anesthetic. 
experience I find-Hiat an intratracheal anesthetic is certainly preferable i no 
necessary unless one can be certain of finding the lung and cyst adherent.) a 
esthesia he removed a segment of the fourth rib in the axilla and the free p ^ 

was opened: the cyst was found to be adherent posteriorly. A two-stage opera 
cided upon and stitches were passed between the visceral and parietal pleuras to p^^^ pgjjent 
ther adhesion, and gauze soaked in iodine was left in the wound. The below the 

was ill and febrile! A radiogram showed that there was a hydropneumo operatiw' 

cyst (Fig. 14). Air was aspirated from the pneumothorax and nine days a cavity- P 

a tube was inserted (through the fourth interspace in the nxHla) into ^ npset, 

first saw the patient thirty days after the operation, when she had general cons the 

with remittent fever and purulent sputum.; At this stage I opened the t ^ a 

eighth rib bed. The low-er lobe was found collapsed against the mediastinum a 
little fluid-in the pleural cavity. The cyst in the upper lobe was adheren^, ^ and 
branes and much offensive pus were removed. A tube was put into the cys was 

the pleural cavity and both were connected to a water-seal drainage operation, bat 

closed loosely about the tubes. Her condition was precarious throughou ^ j^g^oted and ex- 
she soon showed signs of improvement. The lung gradually became > ^ -(vell-crpanded 
panded, and a radiogram taken nine months after the last operation s owe< 
lung (Fig. 15). 


*n 

The next two eases show what conservative surgery can cavitTi 

face of the serious complication of rupture of the cyst into t e p e ^ a 

causing pneumothorax and infection. “Hydatid pneumot num- 

well-known possibility, is not common if one may judge from ■ e 
her of reported eases. It may occur apparently spontaneous y 
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low some trnumn such ns direct injurj-, n strniuing efTort, or coughing. Occa¬ 
sionally it is a quiet event with few symptoms at first, hut generally, as with 
other fonns of spontaneous pneumothorax, there may he sudden and dramatic 
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symptoms which may be more overwhelming than usual because of the added 
symptoms of anaphylaxis. If operation is delayed, pleural infection is almost 
inevitable, and still later there may he secondaiy hydatid cysts in the pleural 
cavity. It is clear that prompt opei'ation is essential as soon as the pneumo¬ 
thorax occui’s, both to save life and to avoid further complications; the rup¬ 
tured membranes and all fluid and debris must he removed, any obvious 
bronchial fistulas should he closed, and the pleural cavity should be drained by 
a water seal. In the two cases here reported pyopneumothorax was already 
present before the patients came into my ken. 

Case 6.—A man, aged 56 year.<», coughed up some fluid and .soon afterward had a spon¬ 
taneous pneumothorax followed by fever and dyspnea and failure of the lung to re-expand. 
A radiogram showed a collapsed and airless lung u-itli a complete pneumothorax. Thoracos¬ 
copy three months later showed that the collapsed lung was covered with a layer of white 
fibrin. At this stage he had one-half cup of yellow sputum daily; no hydatid elements were 



Fig. 16 (Case 6).—Radiogram taken one and one-half years after operatlo 


found in it. The Casoni test was negative, but the complement fixation was posi 
choscopy and bronchography gave no positive information- It was decided.tha 
thoracotomy was necessary both for diagnosis and treatment. I opened the ches wa 
the fifth rib bed and noted thickening of the parietal pleura. The whole p*)Vas found 
and covered with thick fibrin. I set out to decorticate the lung and a good “pee 
in the costovertebral groove, but further forward the fibrin layer was closely a ac^^ ^ 
long and the decortication was incomplete. Just above the diaphragm I came j 

excavation in the lung with several bronchial fistulas, and after a little more man^ 
found collapsed hydatid membrane lying between the diaphragm and the rupture into 
The excavation in the lung was evidently the original site of the cyst before i s 
the pleural cavity. ^ 

I decorticated the lung as thoroughly ns possible and, when the bronc tubes 

been closed, it aerated slightly when the anesthetist raised the pressure. Two to a 

were left in the pleural cavity, one in front and one behind; they were o 
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water real, and the main wound utip clofc»l. Later, auction ft-aa npplic<I to the drainnpo tnJ)€fl. 
The lunp re*cxpnndcd alowly after prolong^] drainage and Fig. 16 is the radiogram taken ono 
and one-half j'cara Inter; although the general condition of the patient improved ho had ro- 
peate<l small hemoptjTCs in the following year. Bronchoscopy and bronchography showed no 
abnormality. It is now over two years since 0|H?ration, and he is well except for moderate 
d^'spneo on exertion and occasional staining of the sputum. 

Case 7.—II. L., a woman aged -IS years, had a “pneumonia’’ in December, 1047. After 
recovery from this, n radiogram showcnl n hyilnfid cyst of the left lung. .Tust l)eforc admis¬ 
sion to the hospital the cNTt ruptorctl into the plouml caWty and bronchus, .‘^igns of pneu¬ 
mothorax were found, and soon there n-us c\ddenrc of sepsis in the lung and the pleural envitj*. 
A radiogram sho\vod the pneumothorax with a fluid Irwol, and just nlwve and medial to it 
part of the lung was visible in which there was n small rantj- with a fluid level; the medi¬ 
astinum \vns displneeil to the riglit (.Fig. 17). 8lic reacto<l to the Cnsonl and complement 



FJff. 17. FJg. 18. 

j f -^25* (Cqbo 7). —^Lnrffe pj’opneumothonuc, with illsnlaoement of heart to the right 
,‘“t aiwve ana medial to the fluid level In the pleural epace there can be scon. In the eol- 
‘spsed lung, the rupture*! hydatid ej'st with a fluid IcvoL 

- 1 .^. Flp* 18 (Case 7).—Radiogram taken sc^'cn montlis after the final operation (for plastic 
of the residual empyema cavity). 

flratlon tests, but no hydatid ninterinl was found in the sputum. The first operation ^vaa 
Bunple closed drainage of the empyema through n small rib resection (sixth) In the mid- 
axillary lino. This gnvo j)rompt relief and witliJn two daj’S the upper lol>e had become fully 
t'lpanded; the lower half of the lung field remnine*! opaque and the mediastinum became 
central. HUe still had some puruleut sputum, but it wos much less than on admission. Ono 
raonth after this operation thoracotomy was done; six Inches of the eighth rib were removed 
and an empyema cavity wus opened, containing n little pus ond cTumple<l hydatid membrane. 

le upper IoIk* was firmly adherent to the chest wall, the lower lolje moved on lesplmtion, 
nnd two lironchial fistulas were fccn; there wore closed with several silk sutures. The main 
l^ound ^vas closed except posteriori}’ where a tube woa put -in for drainage. Two months 
er her general condition was good, but there ivns still n chronic empyema space ond ono or 
0 a of the bronchoplenml fistulas had reopened. Another oporation ^m8 performed for un- 
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roofing of the empyema cavity and the filling of it mth a large flap from the ktissimus 
dorsi muscle and two intercostal muscles. This operation served to close the defect and ahe 
was soon well except for pain in the course of the lower intercostal nerves. Fig. 18 is the 
radiogram taken seven months later. 


CONCLUSIONS 

Most hydatid cysts of the lung can be adequately treated by conservative 
surgery, consisting of removal of the cyst membranes and fluid and drain¬ 
age of the pleural cavity or of the cyst space or of both, according to the con¬ 
ditions found. Even when complications have already occurred, conservative 
siu'gery usually suffices. Lobectomy is needed for a small number of hydatid 
cysts. 

Editor’s Note; The illustrations present no postoperative brouchograms. When the 
author was questioned about his failure to include such bronchograms, he stated that he had 
not made them routinelj' because all but two of the patients recovered quickly and apparently 
completely. In the two cases in which the recovery’ «-ns not so rapid, bronchograms were made 
and were found normal. 
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BRONCHIECTASIS ASSOCIATED IVITII ANOJIAIA' OP THE RIGHT 
PULMONARY VEIN AND RIGHT DIAPHRAGAI 

REPonT OF A Case 

Emerson' H. Drake, JI.D.,* Portuind, AIe., and Josfj'ii P. Lynch, ALD.,t 
BasTON, ALvss. 

T he increased frequency mth \Yhich resection of lobes of the lung is per- 
fonneel nt present must menu that congcnilnl nnomalies within the thorax 
are being more frequently encountered. However, there are fc«' reports of 
such anomalies in the medical literature. This is unfortunate, since a elenr 
knowledge of the pos-sible anomalies and their significance Ls important to the 
stirgeon, both in understanding the pathogene.sis of disease and, technically, 
for the safety of the patient. The case presented in this report ilhustrates a 
combination of anomalies, one. of which was probably responsible for the 
patient’s disease process. Tlie other made surgerj- teebnically more difficult. 

It is of interest to note that there is an increased incidence of pathologic 
processes in lungs containing congenital anomalies of one tsTie or pnother. 
Gnienficld and Gray' have diseu.s.sed the common congenita) mnHormations of 
the lungs, pointing out the increased incidence of pulmonary tuberculosis and 
bronchiectasis in the azygos lobe. AVomack and Graham® have analyzed the 
incidence of bronchiogcnic carcinoma in lungs uith congenital abnormalities. 
Adams and Churchill* have likewise considered the more frequent occurrence 
of bronchiectasis in patients u-ith situs inverstts. The present case does not fit 
into the classification of the usual abnormalities, and since it offered a puzzling 
picture preoperativoly ns well ns at the time of operation, it seems worthy of 
presentation. 

c..\SE retort 

J. L. (R-13879), a 24-yonr-old mnn, an ncconutnnt, wns ndnilttod to the Vetorana Ad* 
nihiistration Ilospltnl, Weat Roxbury, Mtiw., on July 28, 3047, complaining of a cough of flro 
years' durntlon. The cough w-as most markc<l In the morning and Avns productive each day of 
one-half cupfnl of j-ellowiali, nonfoul but occasionally blood-flcckod sputum. Two years prior 
to admission, tho patient had had a hemoptysis of one cupfol of bright red blood. There was 
also a history of exertional dyspnea after climbing one flight of stairs. 

Physical examination avob noncontributory except for the presence of diminished breath 
sounds and line crepitant rfUcs nt the right base anteriorly and posteriorly. Tho left long 
normal. 

X-ray examination of tho clicst (Fig. 1) shoAved that the heart was displaced to the 
right but AVES normal in rotation, and with tho aortic arch in its normal jKisition, In tho 
lateral view, a linear shadow avos soon extending posteriorly from tho apex of tho diaphragm 
to the posterior part of the cliest wall. These roentgonognuns were interpreted os demon- 

the SuTfftcttl Ser\’lce, Veterans Administration Hospital, West Roxbury, Hass, 
Published with tho permission of the Chief Medical Director, Department of Medicine 
Surgery. Veterans Administration, who assumes no reeponslbllity for the opinions ex- 
or conclusions drawn by the authors. 

Rocelved for publication Feb. 26, 19-19. 
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utmtlnp tv partially ntcloctntic lower lobe with increnaed nomtlon of the niiddlo lobe. Tlio 
lircviously mentioned lincnr nlintlow wna interpretevl as the fiwure betwen the middle nnd lower 
lol>c. 

At bronchoscopy, tlie mucous nicmlimno of the riRlit lower lobe was sllj;litly redder than 
nomml bat otberwiKC oxnnnnntlon mis not rcnmrknble. A bronchopmm domonatmted n nor¬ 
mal left lunp. On the ripht side then* vvna eyllndrirnl broncliicctasis of the anterior basic 
division of the ripht lower lolie. The other Imniil fepmenta npi>earod dcereasixl in site with 
(Tomllnp of the bronchi as seen in the lateml view (Flp. 2). It wns felt that the sviaptonis 
rouhl be aecouutovl for by patholopj* in the ripht lower lol>e, aud opomtlon mi* advlsc<l. 

At the time of thoracotomy, the riplit lower lolie wns found to be divide<l Into two por¬ 
tions by nn extra leaf of the «lluphmjxn» wliieh arose fronv the dome of the normal right 
diaphragm and e.xtended Intcmlly nnd posteriorly to join the ehest wall two inches nliovo the 
normal dinphmgmntie insertion. The two j>or(ions of the lower loi>o m?re connected pos- 
teromcdlully where tliis ncecfsory leaf iliil not reach the ehcsl wall. Through this eonneetlng 
icthmas of the lung, the vnrenlar nnd bronchial supply of the tmpjieil segment passed. Be¬ 
neath this '‘linrk|KK’.ket *’ segment wns a norumlly nttarlie<l, complete dlnplimgm (Fig. 3). 



Fig. 1 ,— Lateral and anterior IJlustratlon of venous and diaphragmatic anomaly. 


There wns no true flssaro iKJtween tJie middle and upper IoIk**. AVlint should have been 
the middle ]o]>e consisted of two lingular processes extending over the right border of the 
heart, which lay to the right of Its usual position. 

In the Assure between tills upper nnd the anomalous lower lobe was discovered a largo 
vein which provevl to bo the inferior pulmonary vein (Fig. 3). It extended downward and 
anteriorly through tlio Assure, rocoivinp brunches from the lower and upper lolxa, to pene- 
tmto the (linphrugm nt its mid-point just nnfcrlor to the junction of the normal and nnonmloos 
loaves. On nnenlnn- fim .ilfinlii-nrrm tJiU vein wfiH foiiiid to vun medinllv alontr its Inferior 
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fifth rib in tUo midazlllciTy lino to the illnc crest and from two inches Inloral to the verto- 
brul column posteriorly to the unbilicus anteriorly. The skin over und Immediately sur¬ 
rounding tho tumor was of a dull, reddish-purple color and was shiny and imlumted; 
several areas of uleomtion wore present. Tho surface of tho tumor was very irregular and 
loculated due to tho presence of multiple cystic areas of vnrjdng sires. There wns con¬ 
siderable tenderness to palpation and tho tumor was fixed to tho underlying stmetnres. 
Several of tho cystic areas were aspimted. Three hundred cubic centimeters of red-tinged, 
serous fluid wore obtained, thus relieving the pain slightly. 

X-ray and flnoroscopic examination revealed a largo area of slightly increased density 
over tho lower left part of tho chest OTtonding from the fifth rib anteriorly to tho crest 
of tho ilium, and to the ruid-portlon of the abdomen. Tho ninth, tenth, eleventh, and 
twelfth ribs were involved; no excursion of the diaphragm could bo mado out. An upper 
gastrointestinal x-ray examination revealed the stomach and small bowel to be displaced 
markedly to tho right. 

It was decided an attempt at removal should bo mado despite the patient's poor 
general condition. Tho approach decided upon was transthoracic, in an attempt to get 
behind the tumor and cnncleato it in tolo. 

The patient wns admitted to Mt. Carmel ITospital, Columbus, Ohio, on Aug. 2D, 1048. 

Lnhoratory TTori.—Red blood count aus 3,600,000 and white blood count, 6,000. Aug. 

1048, urinalysis showed 260 mg. per cent of albumin, plus fine granular and cylindrical 
casts; 2 plus bacteria, 2 plus mucus. Aug. 31, 1948, albumin was -400 mg. per cent, cylin¬ 
drical casts, 3 plus. Total proteins on Aug. 30, 1048, were D.8 mg. with 4.1 to 1.7 albumin* 
globulin ratio. Serology was negative. 

Opernt/oR.—On Aug. 31, 1048, the patient was operated upon under endotracheal anes¬ 
thesia and the tumor was removed. 

A left posterolateral thoracotomy incision was made nbove the tumor, through the 
bed of tho oightli rib which was resected sobporiostolly. Tlio diaphragm was Incised; the 
peritoneal cavity was entered and by manual palpation tho tumor was found to extend 
beyond the umbilicus. A second incision w*ns made from tho anterior end of the trans¬ 
thoracic Incision to the crest of the ilium and n skin flap definitely free of tumor tissue 

mobilited by sharp dissection. The skin was ulcerated and markedly indurated due 
to the previous x-ray therapy and probable local pressure necrosis. Tho descending colon 
and stomach wore separated from the tumor from lielow upward by sharp and blunt dis¬ 
section. Tho tumor ■was rotated laterally from its medial surface and finally removed in 
that manner with blunt and sharp dissection. Due to the involvement of the chest wall, 
the anterior and lateral portions of ribs twelve, eleven, ten, and nine, together with thoir 
mtercostal bundles, were removed. 

After removal of tho tumor mass, the poriloncnl cavity was closed 'without difficulty. 
The diaphragm was thou repaired and a new attachment was made posteriorly to tho 
"tumps of ribs nine and eight, and anteriorly to the costochondral junction at about the 
level of rib five, bringing about a complete closuro of the diaphragm at a considerably 
Ifigher level than normal, the pleural cavity having been drained with two No. 30 catheters 
attached to a water trap. 

A cigarette drain was left in the angle near the crest of the ilium. Approximately 
3,000 C.C. of citrated blood were given during the procedure per ankle cannula although 
'^«ry little bleeding occurred. A postoperative bronchoscopy was done. The patient was 
returned to his room in good condition. 

Because of the extensive tissue changes in tho skin, dfibridemont had to be carried 
out at a later date and when an attempt at healing by granulation \rua unsuccessful, the 
area ■was covered ■with a split-thlcknofs skin graft.** The general condition of the patient 

good, the skin graft being completed. 

Paiholoffy .—The surgical specimen consisted of a ma&sive tumor weighing 3*4 kg. (7^ 
pounds). It measured 20 by 15 by 16 cm., and was lobulatcd and very irregular in shape. 
Attached to the upper jwrtion were four pieces of rib. 



GIANT-CELL TUMOR OF RIBS 

A Case Report axd Surxtey of Literature 

Maurice 6. Buckles, and Edward C. LA^^'XlESS, M.D.f 

Columbus, Ohio 

T he exact niunber of eases of primary giant-cell tumors of the ribs is difficnit 
to determine due to the lack of adequate pathologic descriptions. In previ¬ 
ous surveys by Hedblom^ in 1933, Samson and HaighU in 1935, Sommer and 
Major® in 1942, Domer and Marcy^ in 1948, there have been nine eases of giant¬ 
cell tumors of the thoracic cage I'eported dating from Port’s® ease in 1914 to 
Janes’® ease in 1939. Of these only eight have been reported in hterahire. 
Neil’s, as described by Samson and Haight,^ was presented by peKonal com¬ 
munication. Codman described a specimen of giant-cell tumor of costal origin 
at the Warren Museum, Haiward Medical School. Ciiristensen Likewise described 
a case of costal giant-cell tumor, but all records have been lost. 

Giant-cell tumoi’s of the thoracic cage have no great significance, per se; 
however, due to their infrequency as compared to the incidence of giant-cell 
tumors of other parts of the bony framework, the subject becomes of medical 
interest. 

As well as can be determined from literature, this case to be presented is 
the largest giant-cell tumor of the thoracic cage, which may weU he due to its 
duration of approximately eight years. A biopsy made six years previous v 
revealed it to be a giant-cell tumor. 


CASE REPORT 

The patient, a 49-yenr-ol(l, -(vliite man, a confectioner, was first seen on Aug. 28, lWSi 
with the complaints of (1) a "large tumor" on tlie left side of the chest, (2) 
the region of the tumor which was not relieved by the usual nnalgesic.s, (3) ■ueu’ 

(4) slight fever, and (5) general lack of well-being. neaTauW 

Present lUness .—The patient stated that in December, 1940, he noticed the 
of a tumor on the left lower part of the chest. The tumor made its appearance , 

months after an injury due to a fall down a flight of stairs. The tumor gradually 
and caused considerable pain and discomfort. After tho tumor had been pres 
eighteen months the patient was admitted to a hospital where removal was attemp^ 
June, 1942. Removal at that time was abandoned due to excessive hemorrhage a . ^ 
a biopsy was obtained. The diagnosis by the pathologist at that time was benign g 
cell tumor of bone. 

The mass continued to grow slowly and became more painful. In 1943, the P 
received deep x-ray therapy with a total of 2,400 roentgen units in ® ^jiod 

Again in 1948 he received 3,060 roentgen units in seventeen treatments gben o\er 
of six months. There was no regression in size of the tumor and no lolief of pa 
severitj' of the pain had graduall}' increased. , years 

Physical examination revealed a well-developed, well-nourished, white man, 
of age. The temperature was 101° P., pulse 104, respiration 24, the blood pres ^ 

ISO systolic and 110 diastolic. The only finding of note was the tumor, the 

hard, protruding mass, located on the left lower part of the chest and exten mg 

Received for publication March 8, 1919. Attending Thornclc 
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The tumor was firm in consistoncj' in most places but one large egg-shaped mass on 
the outer surface measuring 15 cm. in diameter was cystic to palpation. The color of the 
tumor was mottled' -yellow, red, and light tan. In some areas there was blackish dis¬ 
coloration due to old hemorrhage. The solid portion on cutting was granular and the color 
of putty. On the inner surface numerous small cystic areas were palpated. On catting, 
the cystic areas were filled wdth thin, watery, reddish discolored fluid and the walls were 
covered with multiple loculated areas, some of which were filled with fibrin and blood 
pigment. 

Microscopic examination of sections taken from the tumor revealed a pleomorphic 
picture. The cells were spindle shaped .-and fusiform and there were numerous mnlti- 
nucleated giant cells. Diffusely scattered throughout were numerous fibroblasts and large 
areas of hyalinized fibrous connective tissue. There was a thin hyalinized fibrous connec¬ 
tive tissue capsule which was W’ell delineated from the tumor. In the more active areas 
there were numerous small blood vessels and nodules of siderofibrotic character. There 
was no evidence of malignanc}'. The final diagnosis was giant-cell tumor with degeneration 
.and fibrosis. 



FIs. 1-—Pliotomlcrograph of removed tumor. 


DISCUSSION , 

A stunmaiy of the collected cases of giant-cell tiunors of ribs is pit® 
in Table I. 

The usual clinical history given by patients with giant-cell 
origin is similar to that obtained in giant-cell tmnors in other tffo 

the sequence of trauma, pain, and tumor extending over a peiio o 
to sixteen months. Tramna has been fairly well established as a e ^ 
logical factor in the relation of onset of the disease, although in t is sen 
cases, trauma was denied in four instances. 
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The rarit}’’ of giant-cell tumors of costal origin, as suggested by Geschickter 
and Copeland,*^ is perhaps due to the extremely small and relatively inactive 
epiphyses of the ribs. In this series, four of the tumors were posterior, two were 
at the angle, two were at the costoehondral junction, and two involved an entire 
rib. 

The size of the tumor does not seem to be in proportion to the duration of 
syunptoms, although in the authoi’s’ case definitive ti'eatment would have been 
considerably easier had surgery been carried out earlier. 

Due to the inadequate series, it is extremely difficult to draw any definite 
conclusions as to the px’oper treatment. The duration between onset and treat 
ment of the tumor docs not appear to influence the success of the definitive treat¬ 
ment unless, as in Peirce’s® case, malignancy is involved. Direct excision was 
used in five cases, ii’radiation only in two cases, excision followed by irradiation 
in one case, and irradiation followed by excision in one case. 

According to Meyerding,’® radiologists have discovered that benign and 
low-grade malignant giant-cell tumors are radiosensitive. "Wliile x-ray therapy 
may be effective in some eases it apparently had no effect on the authors case, 
either in controlling pain or diminishing the size of the tumor. Although giant¬ 
cell tumor’s are typically benign, recurrence after surgical excision is not rare 
and scattered reports in the literature are continually suggesting the possi i.r 
of metastases.^® This fact has not been home out in giant-cell tumors of c a 
origin but as the series is small, no definite conclusions can be made. 
of soft parts is not uncommon and was demonstrated in four of the cases: or , 
Peirce,® Hedblom,^ and the authors’ case. The invasive power of 
tumors maj' be an explanation of the occasional recurrence. However, m spi 
of possible malignant changes that may occur or the possibility of I'ecurren i 
the prognosis following adequate treatment has been excellent. 


, SUMMARY _ ^ 

1. A case of giant-cell tumor of costal origin is presented. 

duration significantly demonstrate the benignity of these tumors. 
tumors are uncommon is evidenced by only^ nine other authentic cases 
formd in the literature. . . , 

2. Treatment is variable; excision, iri’adiation, or combination 

methods give apparently satisfactory end results. surgici'l 

3. It is the belief of the authors that the treatment of choice is ear y 
excision, while the tumor’s are still small, and before they invade tie so 
In so doing, reenrrence and malignant changes will be largely avoi e . 

4. Providing the therapy has been adequate and malignant c an 
not yet taken place, the prognosis is excellent. 
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Tbo patient !iad aluiiyp l)ocn well witli the exception of “arthritis” la several joints 
which bad been troublesome for alwut el 0 \-en j-enrs. Recently she had noticed a slight increase 
of dyspnea on exertion. 

Examination revealed a wcllHlevcloped and well-nourished white woman who appeared 
to bo about the stated nge. There was a mass about 7 cm. in diameter wbicli >^08 firmly fixed 
to the anterosuperior portion of the sternum and extended down to the third interspace. It 
rras fixed to the bone beneath but not attached to tJio underlying skin. It ^ms smooth, hard, 
and somewhat tender. The heart and lungs were essentially normal. The blood pressure 
was IDO/DO. 

Urine examination revealed a BfK>ciflc gravity of 1^20, and a trace of protein. The 
hemoglobin U‘as 14.0 per cent, and tlie white blood count 8,250 n-itli 09 per cent polymorpho- 
nucleanii. The blood glucose nns 102, total protein 7.1, blood calcium 9.8, and blood urea 
nitrogen 9. The globulin ^\•ns not increased. Inorganic j>hosphorus was 3.2; alkaline phos¬ 
phatase was 27.1, The Hinton test was negatiw. 



1 (Case 1 ).—The tumor Is seen buldnx Into the soft tissues over the manubrium. 

X-ray examination of the skull was negative- The entire spine and pelws showed 
Sharked changes in several of the dorsal and lumbar vertebrae and all the jwhic bones, 
characteristic of advanced Paget's disease. There was a collapse of the body of the 
fourth lumbar vertebrae with slight expansion in both the anteroposterior and lateral 
directions. The cervical spine showed niodemte hypertrophic changes but no other bony 
pathology. Both lower extremities also disclosed marked Involvement of the femurs and 
oppor articular ends of the tibiae duo to Paget's disease. The right tibia also showed a 
slight thickening of the cortex on the lateral aspect of the mid-shaft. Films of the sterno¬ 
clavicular region revealed a marked rarefaction and expansion of the manubrium of the 
tternum. The anterior portion was irregular and showed destruction with invasion or in- 
filtration of. the underlying soft tissues. The Impression was that of advanced Paget's 
involving several bones. There was a destructive malignant bone lesion of the 
“wibubrinm and sternum, probably sarcoma on the basis of associated Paget's disease. 

On Feb. 7, 1047, a biopsy of the tumor was taken, and the pathologic examination 
*^vealed osteogenic sarcoma of the stemom. 

Operation was performed on March 23, 2047. Endotracheal cyclopropane anesthesia 
’'■u used. 


THE USE OF TANTALUjM PLATE WHEN RESECTING LARGE AREAS 

OF THE CHEST WALL 

J. Murray Beardsley, M.D.* 

Providence, R. I. 

T he resection of large areas of the chest wall which are the seat of raalipant 
disease has a much wider application at the present time than was heretofore 
possible. This type of operation, which is more frequently associated with pnl- 
monarj' neoplasms and w'hieh maj' also include the removal of one lobe or the 
entire lung, exemplifies the present status of excision surgerj’^ in this region. 

Cancer of the lung with extension to the pleura and ribs has in the past 
been one of the criteria of inopei-ability. ■ This concept is being reUsed in the 
light of our present knowledge that peripheral lesions have a tendency to local 
invasion rather than to early spread to the rhediastinum as is the case with 
those more centrally located. 

When the disease is so situated that the adjacent chest wall may be removed 
with the tumor, hope is offered to a relatively large group of patients whwe 
pUght was formerly considered hopeless. An additional favorable factor lies 
in the fact that one of the major lobes can more frequently be preserved than 
is the case wdth lesions of the main-stem bronchi. 

The excision of a large segment of chest wmll gives rise to certain prob emi! 
that mu.st be considered and dealt with. Paradoxical I'espiration mast e 
guarded against when there is a mobile mediastinum, and when dealing wi 
large defects this cannot always be satisfactorily controUed by external appj^ 
ances or pressure dressings. If the hazards of the postoperative period can 
surmounted, there nevertheless remains a flabby chast wall which is su jec 

motion wdth each respiratory' effort. _ Hqsnes 

When, in addition to the bony support, all of the overljdng so t ^ 
must be removed, as was true in Case 1, satisfactory coverage must a so 
provided. j„ 

The follovdng cases illustrate methods of overcoming these pio i 
addition to eliminating the immediate postoperative dangers of a wea ene 
wall, permanency is created in the defective area. 

CASE REPORTS 

Case 1.—C. T., a OS-year-old wlute woman, was admitted to Rhode Island 
Feb. 5, 1947, complaining of a gradually enlarging mass in the upper part o pQjstdted 
She first noticed dLscomfort and a small nodule in this region in June, 19 • ^^j^^gg^jent at 
her physician who advised observation and that she return if there was nppva'^ 

the nodule. The mass remained reasonably static until early in t^^cember, w 
to increase in size rather rapidly, but she failed to consult her physician again u 
prior to admission to the hospital. 

From the surgical service of the Rhode Island Hospital. 

Received for publication Jan. 27. 1946. , TTospitn'- 

•Visiting surgeon and surgeon to the Thoracic Cllnia Rhode Is an 
In-Chlef, Charles V. Chapin (Providence City) Hospital. 
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letiltered homorrlmpic aroo^ in wmo of tlic ('elatinous nmtcriul. Tills tumor extended into 
the stomoclnvicular joints, but did not involve the clavicles proper. It occupied two- 
thirdM of tho manubrium. The frruM dlngnosis was osteopenle sarcoma. 

The microscopic description showed that of the six sections, four wore composed of 
hyperplastic cartiln^e, fibrocartllnBc, and scattered newly formed bono trabeculae and 
periosteal tissue. There wns a marked overproduction of Immature cartilage and pro- 
cartilagenous and iwrosseous tissue. All In^'ors except the bony trabeculae showed more 
than normnl nctivity. One section was mnde up of striated muscle and surrounding flbro- 
ftdiposo tissue. It showed eilenm and scattered leueocnic liiQItmtion with a fow pol.vmor- 
phonuclcars in some areas. A section of skin and subcutaneous tissue sliowod n marked 
fibroblastic activity l>cncath n tliln squamous o])ithc|inl la^’or. Tlio layer was infiltrated 
with leucocytes and endothelial leucocytes with a very dark-staining cytoplasm. Often 
these colls coniainiHl multiple nuclei up to large foreign l>ody giant colls. The deep e<lge 



1 (Case 1).—A postoporntlvc roentecnopram eliowlnp tlie tantalum plate in position. 

of the section showml the wall of an abscess caNity containing numerous macrophages and 
foreign body giant cells. The diagnosis was osteogenic sarcoma of sternum (osteochondro- 
sarcoma). 

The patient's postoporative course was unoventfuL There wore no pulmonary' com¬ 
plications, and she was out of bed on the third day. 

Oxj'gen was given for tho first twenty-four hours as a routine measure. There was 
considerable serous drainage during the first week which sub8e<iuently became much less 
I'ot persisted in small amounts. The patient was kept in the hospital until April 14, ]047, 
^ that she could be carefully obsei'ved, after which she was followed in tho Tumor Clinic. 
Sor gouoral condition showed very definite and progressive improvement, but as had boon 
anticipated, a moderate amount of serous drainage persisted. 

She was readmitted to tho hospital on June 24, 1047, for tho purpose of removing 
tantalum plate. It was decided that enough time had elapsed for a satisfactory in- 
namtnatory membrane to have developed. The operation merely consisted of elevating 
ono side of the flap, cutting tho wire sutures, and sliding out tho plate. With the flap 
up, it was interesting to note that the foreign body reaction had created a Arm, 
''"Molding Inflammatory membrane which allowed no motion with respiration. The mam- 
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The operation consisted of wide block excision of the tumor. In order to accomplish 
this it was necessar}' to resect portions of the third, second, and first rihs on both sides, 
as well as the inner aspect of both clavicles, and to transect the sternum at the level of 
tho third interspace. In the neck, the muscle attachments to the clavicle were divided 
through a transverse incision across the suprasternal area. The tumor was found to bulge 
into the anterior mediastinum, where it was adherent to the innominate veins, from which 
it was separated b}’ sharp and blunt dissection. It was then possible to remove this entire 
segment of the anterior chest wall with the tumor. During the dissection, the pleura on 
either side was reflected so that neither pleural cavitj' was entered. A tantalum plate, 
which had previously been perforated to allow for the escape of serum, was cnt to fit the 
major portion of the defect and sutured with No. 38 wire to the cut ends of the second 
and third ribs on either side and to the sternum. 



A large pedicle flap was then raised which included the , sutured inf® 

underlj'ing pectoralis major and its fascia. This was rotated upwar an portion 

defect. One small rubber tissue drain was inserted beneath the pedic e 
of the wound. By undermining, it was possible to close the major po grafted- 

from which the pedicle had been raised, leaving only a small °atient’s condition 

During the course of the operation 1,000 c.c. of blood was giv en. e P 
was excellent at the completion of the procedure. ^ f an ellipt'®®* 

The pathologic report was as follows: The specimen consiste o ^ length’ 

of skin measuring 14.5 by 7.5 cm., in the center , of w'hich was ^ clavic'®® 

Attached to the skin was a section of sternum 10 cm. in length, rig 
measuring 4.5 and 7 cm., respectively, and both right arid left, irs , jato. Ther® 

were attached to the sternum. Skin and subcutaneous tissue ii portion of th® 

was a swelling 5 by 4.5 cm. which included the left clavicle an ^ p tpln, fibrous 
right sternoclavicular junction. It was gray white, firm, ^ „p;pg 4.5 by 2 

capsule. On the undersurface of the sternum there was an a ^ capsule. Cat 

It was brownish red, soft, and rubbery and covered by at icsoft, 6®'® 
tions revealed a spherical mass 4.5 by 4 cm. The surface ^'^mat'erinl. There u-ere 

inous areas with streaks of gray-white to white-yellow calcified maten 
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brnne had formed on the anterior nnd pontorior narfacen of the plate, but of the two, the 
raedinatinal nurfnco appeared to Imj the more rigid. The incision was closed with inter¬ 
rupted sUk. 



F^S. 6 (Case 1).—Ro^ntpcnoirrani of specimen Imtlcntlng Die oxient of the resection. 



7 (Case 1).—Final result showing defect closed with b pedicle flap which Includes the 
right breast and the underlying p^oralls major muacle with Ita fascia. 
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Fig. 4 (Case 1).—Section through tumor and stcmum. 


Note destnicUon of manubrium. 



I 

1 





Fig 5 (Case 1).—Section through tumor and clavicles showing 




invasion of sternocla 


vlcular 
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medinstinum. Tlio dmphmpms wore norronl. Tlien* wnn no elTuBion. The concluslonu 
were that the findin^n were clmmotorlatic of a mnlipiiftnt iieoplaion of the left lunp •with 
extenalon to nn involvement of the ndjacont wjvonth rib nnd pleura. 

Tho patient was placed on nornnol penicillin four timc« n day, and the operation 
wan performed on May 0, 1948. 

A riplit-anplcHl Incision was made from the fourth to the oiglith ribs pamvcrtobmlly 
and alonp tho ciphth intorMpnco to the poaterlor axillarj' line. Tlio soft tlKSuo flap was 
elevated and tho ribs exposed at their splnol junctionB. after which tho fifth, sixth, soventh, 
aad eighth ribs were divided with the inter\oiiinp, intercostal bundles. A long incision 
wajj then nmile through the fourth interspace, and tlio pleuml envity opened. It was now 
posslblo to make a careful exploration of the lung nnd tho tumor. Tho latter found 
to 1 k5 adherent to tho sixth, seventh, nnd eighth ribs but had no pleural nttnehmonts 
heyojid this area. The incision through (ho fourth interspace as well beyond tho limits 
of the tumor from nbove. It appeared to arise from the apex of the lower lobe nnd was 
adherent to the lower surfaro of tho upper lohe jmstcriorly. There was no obvious invasion 
of glands around the lung root. Tlie nicdinstinnl pleura was incisetl, and tho artorA’ and 
vela to tho lower lobe were dissectexl out, doubly ligated, and divided, after which tho 
lironehus was isolated nnd cut across and eloseil with four interrupted sutures of Ko. 30 
cotton. Tho modinstliial pleura was then closed wi(h interrupted Xo. 30 cotton sutures. 
With the lower lobe dlWdod, it was then possible to rotate It Intemlly, and a clear exposure 
of the attachments of the tumor to the cliewt wall erniJrl he ohtniued. The excision was 
completed by Incising through tho eighth interspnee and dividing the fifth, sixtli, seventh, 
and eighth rilis in tho posterior axillary line and including the lower portion of-the upper 
lobe in tlie excision. The entire speeimen was then reraoveil cn bloc. The Inrge defect In 
the chest wall woh closed with a tantalum plate, which was ftshioned to fit tho defect and 
war. fixed in place with wire Hutures after drilling the fourth and ninth ribs at intervals 
of 2 cm. and the stumpM of tlie cut ribs proximnlly and distally. One cigarette drain was 
placed on the surface of tlio plate and brought out at the lower i)ortion of the wound which 
wan closed in layers. The upper lobe w-as re-expauded as the chest wall was closed. One 
catheter Avns Inserted in tho dopeadent part of the thorax. 

The pathologic report was ns followa: the Bpeclmon consisted of a lower lobe with 
attached portions of four rllrfi. TJie diaphragmatic aurfoce was not unusual. The bronchial 
tree in tho loAver jiortlon avus diluted Avith thickened tnurosn nnd tronsverBO mnrkinga. 
ninding the four ribs firmly to the surface of the lung Avas n tumor mass 7 by 4.5 by 6 cm. 
which had l>een inclsc<l. Tiic surface fKfriphoralJy was gray, hard, and granolar, while 
centrally the tissue Avns soft and necrotic. The bonCB were thinned and apparently In¬ 
volved by tumor. Loading from the amputated tnnrgin into the central cut surface of the 
tumor was a thin-wallod small bronchus. Tho bronchus had lost its coutinuity nnd dfs- 
ttpiwared within this tumor mass. No other bronchi wore seen to travorae tho tumor 
tissue. On section the tumor had a gray-tan, granular surface. The pulmonary nrteriefl 
were not Involved In the tumor mass. Tho portion of tumor invading the bone was firm, 
mblMjry, and cloBtic. Arena containing greonish-yolloAv pnriform material measuring up 
to 4 mm. in greatest diameter wore soon Bcattorcd throughout tho tumor moM. The re¬ 
maining lung (Imoc had a yollow-tnn surface covcrc<l by a wrinkled pleura, which showed 
natnorons red, fibrous tags. It appeared collniwetl and on section presented n smooth, non- 
porons, nonerepltant surface. A portion of another lobe Avhlch measured 4 by 2 by 1.5 cm. 

adherent to the overlying rib and adjacent lobe. 

Section of lung aboAved replacement of lung pnronchj'ma by cords of onapIaBtlc epithe¬ 
lial cells which had squamous chnmcteristics. There atoh occasional pearl formation. At the 
P«riplierj- of tlie tumor areas the alvwU containerl clumps of aimllnr apiKmriug cells. Tumor 
was also seen within a periarterial lympluitic. Section of rib showed inArasion by and replnce- 
inont by inflltmtiDg cords of similar appearing cells. Tlie dingnoais utis epidermoid carcinoma 
of the Inng (bronchiogcnlc) with invasion of pleura and ribs. 

Tho patient’s course during the opemtlon avrs excellent. There was no abnormal blood 
pressure fall and no suggoetion of shock; 1,600 c.c. of blood Avere given. He Avas allowed 
op da llic second postoperative day. 
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After removal of the plate there was prompt healing of the wound. The patient lias 
been followed at regular intervals at the Tumor Clinic, the last visit being on Jan. 12, 1949, 
at which time she was free of sjuiiptoms and carrjdng on her usual activities. 

Case 2.—\V. M., a 72-year-old white man, was admitted to the Rhode Island Hospital 
on April 29, 1948, udth a complaint of cough and pain in the left anterior part of the eliesi 
of about one month’s duration wliich had been growing steadily worse. He had had no 
expectoration or hemoptysis, and although he complained of fatigue, he had noticed no loss 
in weight. 


Fig. S. 

Fig. 8 (Case 2).—Preoperative roentgenogram of chest. replacing the W"! 

Fig. 9 (Case 2).—Postoperative roentgenogram with tantalum p a e 
defect. 

« ii ’ll 

Examination revealed an elderly man who appeared chronica ) normal to 

moderate sclerosis of the peripheral arteries, but his heart was ' tpiig breath 

physical and electrocardiographic examination. Blood pressure v as 
sounds and tactile fremitus were slightly decreased throughout the e s and 

There was moderate dullness noted in the mid-chest region anteriorly o.vnniinatiou 

fist percussion on the left caused slight pain. No rfiles were present, 
was otherwise not remarkable. Go 

Red blood count was 5.01, hemoglobin 15, and white blood protein 6.C 

per cent polymorphonuclears. Blood urea nitrogen was 17, glucose j 
Hinton test was negative. Bronchoscopj' on April 20, 1948, was en 
tumor was seen, and no abnormal secretions were noted. folloivs: 

The report of the x-ray examination of the chest on April p^'^jj^jp.portion of th' 
the roentgenogram showed a roughly rounded, irregular densitj in jbe latcm 

left lung field, extending from the seventh to the ninth ribs pos en ^ jgf 

view the mass appeared to be situated well posteriori}', apparen^ } inferior horde 

lower lobe. There was definite erosion and beginning destruction o gjgnr 

of the posterior axillary portion of the seventh rib. Apg trachea, heart, o 

The cardiovascular outlines were normal. There was no s i mg 
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rrere rcquirc<l ench day. Tliero no comidalnt of eougli nnd no liiatory of expectomtion 
or hemoptysis, Roontpenoprara of the luiip fields was nepntir©, and there ^\‘nB no evidence 
of destrnetion of the ribs. 


IIo hnd had a mild cerebral nceidcnl nl>out seven montlia previously. At that time some 
weakness of the left luirt of tlie face, loft nnn and leg were notetl, but there Iiad been no 
progression of these sipns. 

Examination ro\‘enled a wliito man who showed evidence of nuirked weight loss. There 
was a tumor palpable l>etweon tlie spine and tho mnlin! Imnler of the right scapula about 
fl by 6 cm. It ^ns firm and irregular in outline am! appcnretl to be firmly attached to tho 
chest wall at about tho level of tho fifth and sixth ribs. It was slightly tender to palpation. 
Examination of the lungs revealed normal breath sounds and no dullness, and only slight 
limitation of expansion on tho right. The heart sounds were normal, and tho blood pressure 
was 110/60. There was slight facial asyramctiy* due to a left facial weakness. Knee jerks 
on the left were diminished. Bablnskl sign was negntlve, and no sensory cimnges v.'ere present. 
A slight weakness of (ho left leg was noted but no paralysis. Apart from general evidence 
of weight loss, physical examination was othorwisc normal. 

Laboratory work on entry showed a re<l blotxl count of 3.70, a normal urine, and a 
hemoglobin of 12.1 Gm. The blood urea nitrogen was 24, glucose 77, and the blood protein 
4.7 mg. per 100 c,c, 

X»ray examination of the chest revealed no inflltmtion of the lung fields and no 
destruction of ribs. 

Because of tlio great severity of tho patient's pain it utls decided to resect tJie tumor 
which appeared to arise from tho chest wall, although a primary source In the lung with 
extension through the intercostal spaces was considered. 

Operation was carried out on May Ifi, 1048. A vertical paravertebral inedsion a-aa 
made from tlio tliird to the eighth rib, well lieyond the periphery of the palpable tumor, and 
deepened to expose the transverse processes, the third, fourth, fifth, and sixth of which w«ro 
divided, as wore their corresponding ribs and intercostal ))Dndles. The incision was then 
extended laterally over tlio seventh rib, which wns irabperiosteolly resected, and tho plenral 
cavity entered. Tho lung was adherent to the parietal pleura but easily freed up to the 
region of tho tumor where it was firmly adherent to the chest ‘wall in an area about 5 cm. 
in diameter. Tlie tumor and adjacent chest ^vall were then free at the posterior and inferior 
portions of tJie dissection, Tlie outlined triangular area of skin nnd subentaneous tissues 
WES then elornted along witli the scnpuln to expose the ril>s in tho upper part of the hemi- 
thoTEX. 


Tlio pleura was then opened along the line of the second interspace after wliicli the 
third, fourth, fifth, and sixth ribs were divide<l In the posterior axillary line with the inter- 
renhig intercostal bundles and pleura. The severed area of chest wall and the tumor were 
then completely froo udth the exception of their attachment to the lung. This appeared to 
very superficial, and it could not bo definitely demonstrated that there was Invasion of 
long tissue. However, It seemed wisest to excise a liberal amount of lung tissue rather than 
to run the risk of entering tlie tumor. A wedge of lung tissue was therefore included with 
the specimen which, wns tlien removed, and the defect closed with interrupted silk sutures, 
There was no suggestion of lung invasion at any other point. A palpable gland in tho 
mediastinum was removed and found to l,)e benign. 


A tantalum plate which bad previously boon perforated at several points was cut to 
fit the bony defect nnd sutured into place with No. 28 wire. This was accomplished by drilling 
holes in tlie periphery of the plate nnd in tho adjacent rila. The plate was bent to conform 
to the natural convexity of the thoracic cage in tUia region. The soft tissues of the chest 
wore then closed over the plate ^v^tll one cigarette drain to the dependent portion of 
the wound. 


The pathologic report mis as follows: Tho specimen consisted of portions of four ribs 
and apparently included the transverse processes of four vertebrae witli attachod fibroidipose 
and muscle tissue. Involving throe of the ribs near the vertebral end, there was a firm, 
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His course was complicated by atelectasis of the left upper IoIjc mth associated cougli 
and temperature elevation. Bronchoscopy was carried out, and a considerable amount of 
tliick mucopurulent secretion was aspirated from the trachea and the left upper lobe bronchus, 
after wliicli the lobe became well aerated and the symptoms relieved. 

There was considerable serous drainage from about the plate which later became sero- 
purulent. This was associated svith temperature rise, and it became evident that drainage 
was inadequate. He was taken to the operating room on June 15, 1948; one side of the flap 
was elevated and the plate removed. Examination revealed a moderate amount of organiied 
exudato within the space and a firm intlammatorj' wall on both its surfaces. The wound was 
closed svith one cigarette drain to its dependent portion. 


Fig. 10 



(Case 2).—Roentgenogrram taken Sept. 30, 1948. Note the mai'ked 
area previously occupied by the plate. 


Uilckenlng In 'he 


Definite improvement continued from this point on. Tliis was rather slow 
the temperature subsided, and the drainage at the time of discharge on Julj 'p^in, 

only slight and was nonpnrulent. There has been complete absence of chest 
appetite is good, and he has continued to gain weight. Careful follow-up stu ) ;,Q 3 pital 

and he was last seen on Jan. 3, 1949. He had gained twenty-eight pounds since 
discharge and was entirely symptom free. The chest wall was firm and en i 
motion on respiration. 


Case 3.—J. H., a 58-year-old white man, was admitted to tlie Rhode Islan hegau 

May 13, 1948, with a chief complaint of severe pain in the right side of the c (o 

to have pain in the right anterior part of the chest and right axilla six mo 
admission. It began rather suddenly in November, 1947, and grew gradua 
became constant. He was admitted to another hospital for observation in jedotion 

had lost considerable weight and the pain had become so severe that large amoun 
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»nti»factory appCTininco of the chest uttll wound, the patient showed no evidence of weight gain- 
Tliere appeared to Iw a gradual decline in hie gencmi condition in spite of a fair appetite, 
aboeneo of pulmonnrj' sjTuptoms, and niiiiity to bo out of Ired dnily. Ho rvus discharged from 
tho hospital on July 16, 1018, and follow-np study wns mnde at home by hia family physreian. 
Ho died on Sept, 12, 1048, 


COJIMENT 

Tho preceding cnscs, nlfiiotigli presenting indiridnal problems, all required 
extensive removnl of the supporting fmmework of the tliomcic engo. Unless 
favored with mcdiastinnl fixation this may result in difficulties which can lie 
serious in the immediate postoperative period. Attempts to neutralize tho ad¬ 
verse effects of a swinging media.stimnn, aneh aumiiy be olwcrvcd following extra¬ 
pleural thoracoplasty, by means of cxtenial appliances or by packing and .strap¬ 
ping of the wound have not always been successful. In cases wheie it is neecssarj- 
to remove the periosteum with tho ribs no stiffening of the chest wall can be 
hoped for, and although recover}' from operation may occur, a flabby and mobile 
cheat wall invariably follows. The use of tantalum plate in the manner described 
has obviated these difficulties. 

Sfultiplo perforations were mnde in the plate in one patient (Case 1), who 
wns the first to lx; operated upon. This was so .successful that the same typo of 
plate was used in Cases 2 and 3, where a somewhat different problem was pre¬ 
sented. In the latter instances the lung expanded against the plate, and in both 
cases ati abnormal amount of reaction occurred. The reason for perforating tho 
plate in Case 1 was to allow for drainage of serum from the anterior mediastinum. 
xVdcquntc drainage from tho pleural cavity can, of courac, be effected by means 
of a catheter in a dependent position. 

In the future a smooth plate will Ire used when dealing with lesions involving 
the lung. This is paificulaiiy applicable when only a lolrcctomy has been done 
and the remaining lobe must c-xpand against the plate. 

When in addition to removal of the bony structures a wide i-esection of the 
skin and other soft ti.ssues must he carried out, large lateral pedicle flaps are 
most useful. On tlie anterior surface in the female, the breast is ideal for this 
purpose, but regardless of tho location of tho donor site tho pedicle should in¬ 
clude muscle and fascia in order to give proper stability. By undermining, tho 
major part of this defect can be closed and the remainder covered with a split- 
skin graft. The inflammatory wall created by the foreign body reaction com¬ 
pletes the formation of a rigid chest wall. Tho final result bears a close re¬ 
semblance to that obtained follovdng a Schede type of thoracoplasty for chronic 
empyema. 

It is believed that the dramatic i-elief of pain in Case 3 which allowed this 
patient to live out liis remaining days in comparative comfort, justified the 
operation. 


SUMIIART 

Three cases are presented in which tantalum plate has been used to avoid 
complications which occur when a largo section of the chest wall has been re¬ 
moved. This has had tho effect not only of overcoming postoperative difficulties 
Imt, in addition, has given stability to the area of excision. 
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pinkisli-ton, seemingly localized tumor measuring ].5 cm. in greatest diameter wliicL blendeil 
at its margins with the surrounding tissue. On section the tumor retained a sharp cat edge. 
It had a homogeneous mucosa-appearing surface. 

Attached to the inner rib aspects there was a greenish-gray portion of lung measuring 
5 cm. in its greatest diameter. The .sections contained carcinoma tliat apparently originated 
in the lung and extended to involve the pleura and chest wall. The histology rTiricd. In one 
section of lung tissue a small bronchus was involved. In some sections the cells Hned alveolar 
spaces, giving an adenoid appearance. These cells were largely squamous in type, bat in a 
few places became tall and columnar, and secreted mucus. There were also numeroas small 
solid groups of squamous cells. Because of the predominance of the squamous histology it 
was decided to pilace the neoplasm in that category'. The diagnosis was epidermoid carcinoma 
(squamous cell) of the lung, with extension to pleura and chest wall. 



exncUy tl>« 

Fig. 11 (Case 3).—Showing tantalum plate in position. Its size indicates 
extent of the resection. 

Fig. 12 (Case 3).—Postoperative 


TVkorif rr/>r>r»r^i^ m tnl^Cn JulV 


The patient made an uneventful recovery' from the operation. There nas 
evidence of shock, and in spite of the wide resection of the chest wall third 

stabilization of the right hemithorax. The patient was allowed out of e 
postoperative day. The most striking feature of the postoperative phase 
plote absence of pain. In spite of the fact that practically all sedation was drnin- 

the patient was completely comfortable. There was a moderate .^^ith some 

age from the wound which later became seropurulent. This was associ joonit 

elevation of temperature, and on June 17, 194S, he was taken to amount 

tho skin flap elevated, and the tantalum plate removed. There was a mo ® ‘ erosion 
localized infection on botli sides of the plate which appeared to Ire due adjacent 

from the lung surface. There was inarked rigidity of the tissues wMc i m ^ dependent 
to tlie plate. After removal of the plate, one cigarette dram was inser e ^ggpitnl stay 
portion of the wound. The fever subsided, and during the remain er o _ jjie 

there was only slight serous drainage. In spite of the complete a rsenc 
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or five ribs is required, and frequently snbstniitinl portions of tlie sternum must 
bo sacrificed ns rveU. Such n defect frequently extends from the sternum to a 
point neor the anterior axillary line (Fig. 2). 


AXILLAR.Y AttTERY-N 

axillary vein -s 


AMTItW* AMD fOtTCKI Qg^ 
cmCWUriE* HUM£*AL 
A«TUIIC4 AND VtWS 


CltClAtrLCX 

atAXVLA* - 

AXTlxr AND VC*N 


_4Ufc»CAfOLAft 
—AttTtRV ANO vtlH 
_UATCftAL (LONE.) THORACIC 
—AftTCRy AND V«IN 


THORACODORSAL _ 
ARTERY AND VEIN 
THORACODORSAL. 
NERVE 


LATI55IMU5 DOR5I 
MUSCLE DISSECTED 

FREE SHOWING ■- 

6LOOD AND NERVE 
SUPPLY 


-- ''T-. y ^ 


LATISSJMUS DORSI 
ROTATED OVER 

anterior chest 

WALL 



Fir. l—OmwlHE 6t th« latlMlrau. dorH 

F(ucia Lata Oraft.—Watson and James bare pointed out the advantage of 
using a Urge square of fasda lata in the repair of a |uuge oracic wa 
(Fig. 3). It fumisbes good support to the chest wnU and mds 
pulmonary herniation. It does, however, require the use of a U^ pedirirf fiap 
of sUn and suheutaneons tissue. For Urge defects this may be hazardous or 
impossible. 

Vtt of the Latissimns Uorri.—Various extracostal muscles have long 
used in the repair of defeeU in the lateral and postenor aspects of ^e ch^ 
iraU, but no effort has been made to e.rtend their usefulness to melude the.ante- 



EECONSTRUCTION OF THE ANTERIOR THORACIC WALL 

Darrell A. Campbell, M.D., F.A.C.S. 

Anx Arbor, Mich. 

T he sacrifice of large portions of the anterior thoracic wall incident to tlie 
removal of malignant neoplasms is required in selected cases. These cases 
include (a) primarj- neoplasms arising in the bony thoracic wall, (b) recnrrent 
mammarj^ cancer invading the bony thorax, and (c) priniarj" carcinoma of the 
breast infiltrating the thoracic wall at or near tlie costal cartilages or lateral 
aspect of the sternum, where protection from the thoracic wall is not afforded 
by the interposition of the pectoral muscles. 

Although the past decade of progress in surgical technique, physiology, and 
anesthesia has permitted radical resections of the thoracic wall as well as viscera, 
few reports have dealt with methods by which these extensive wonnds may he 
repaired. It is the purpose of this report to describe a method which has been 
satisfactorily utilized in the reconstniction of the anterior thoracic wall. 

Relatively small defects in the anterior chest wall can be closed in a number 
of ways, and among the most satisfactory is the method described by Maurer an ^ 
Blades^ which furnishes bony stabilization to the defect. Watson and Jame 
have described the use of fascia lata grafts in the repair of large defects, n 
these must be covered by large pedicled flaps of skin, for split-thickness gra s 
can scarcely be expected to .survive on fascial patches which are, themsev^ 
free grafts without blood supply. Maieri has discussed the use of the opposi e 
breast as an aid in the closure of large defects. PickreU, Kelley, and 1 
in an excellent reriew of this problem, used pedicled flaps of various esi ^ 
and in one case in which such a flap was not feasible they applied a sp i g^_^ 
directly upon the pericardium. The following procedure which utilizes a a ^ 
lata graft, a completely mobilized latissimus dorsi muscle, and split- 
skin grafts appears to have advantages not possessed by the foregoing me 
Excision of the Lesion .—Standards governing the removal of anj ^ 
process apply to the excision of these lesions. Thej" include remova o a 
neoplasm en bloc, together Avith an adequate margin of uninvolved j£ 

Ijnnph nodes draining the area occupied by the neoplasm must 
possible. If the operation is being done for recurrent carcinoma o 
aU the axillary Ijonph structures vdU have preriously been remove , a 
area need not be invaded the second time. Recun’cnce in the axi a 
clavicular area generally^ constitutes inoperability, and palliation y 
therapy is preferable. If the lesion is located over the lateral 
sternum, the internal mammaiy vessels Avith accompanying lymp 
should be removed. _ , ^ fall 

Resection of lesions infiltrating the bony thorax requires ^ ribs 

thickness of the thoracic wall and rarely vdll a portion of le^ . j^j.gg four, 
suffice. In general, a block of chest wall requiring the segmen so 

From the Departments of Surgerj-, Wayne County General Hospital. 
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operation. Advnntngcs of the use of this musele arc ns follou’s: (n) It is I'endily 
nceessible; (b) it enn bo completely mobilized, except for its iiLsertion, and by 
means of sharp dis.scction, ligation of few perforating vessels, and incision of 
the Inmbodorsal fascia wbicb releases it from its origin, small blood loss is en- 
comitcrcd; (c) it is capable of reaching any defect on the anterior aspect of the 
bemithorax; (d) it carries its own vascular and nen-c supply during transplan¬ 
tation (Fig. 1); (c) it thus assni'cs adequate nutrition, not only to itself, but 
to adjacent structures, such as the fascia lata graft licneatb and split thickness 
skin grafts almvo, which iwiiiire such assistance for snn-ival; (f) theiu is little 
or no functional loss; (g) by fnmisbiug another layer at the site of the defect, 
it aids in the support of the chest wall. 

Some disadvantages may he associated with this procedure. It increases 
the magnitude of the operation by rc<|uiring additional dissection. This appears 
to he a minor consideration if the conditions for the operation arc good. If the 
operation is lieing done for iTicuircnt mammarj- cancer, the surgeon who previ- 
oasly performed the radical mmstcctomy may have fouiid it nccessarj' to ligate 
and excise the subsoapular vessels. If such is the case, the vascular supply 
would ho almost entirely from the perforating branches of the intcrcostals, and 
mobilization of the muscle might leave its viability in question. 

Split-Thickncts Skin Grafts, —The apiilication of split-thick-ness skin grafts 
needs little explanation (Fig. 5). The u.sc of this method to produce an epithe¬ 
lial-covered area seems infinitely safer and easier than that of fashioning com¬ 
plicated pcdicled flaps with the ns.socinled hazards so well known to most sur¬ 
geons. 

Cnstomarj- pressure diSASsings arc applied to the skin grafts, and serve also 
for temporarj' support to the clicst wall for the first few postoperative daj-s. 
Pollomng their removal, no significant intcrfci'enco mth cardiorespiratorj' 
function has been rioted. 

This procedure with various minor modifications has been carried out seven 
times with one postoperative death. This patient died suddenly sitting at her 
bedside on the third postoperative day. No autopsy was allowed. 

sunn ART 

1. A method of repairing large defects in the anterior tlioracic wall has 
liecn described. This method utilizes (a) a fa-scia lata graft, (b) complete 
mobilization and transplantation of the latissimus dorsi, and (e) split-tliickness 
shin grafts. 

2. Some advantages and disadvantages of this metliod arc discussed. 
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lior aspect of the tliorax. The latissimus dal’s!, however, is capable of beiug 
trausplanted to the anterior chest wall to assist in the repair of a defect at this 
site (Fig. 4). Exposure of the muscle is not difficult. If the excision of the 
neoplasm requires the dissection to extend to the anterior margin of the muscle, 
it can be mobilized by sliai-p dissection without additional skin incision. It is 
of some assistance if the patient is placed slightly on the opposite side prior to 
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(lition, the snbmueosti in dogs contnins more mneons glnnds and fewer einstie 
fibers. These difitercnccs are minor, however, and the esophageal tissue of both 
man and dog is sntfieiently similar in texture and consisteney for surgical 
comparison. 

For the sake of clarity, definitions of some of the terms used to describe 
the function of the oso])hageal nnwele arc given. Tonus is the resistance which 
the smooth miLscle of the esophagiLs offers to distention.’- Pifmarj- peristalsis 
is a progressive wave of contraetion, cariying a bolus from the pharynx to the 
stomach. Sccondarj- peristalsis, or segmentation, is a rhythmic nonprogressing 
contraction, not propelling food, and unrelated to tomns, 

EXPEMUENTS 

Operation* wre performed on *ixty-tlireo fidolt mongrel dog* of both soxea, ranging in 
from 12 to 30 pountl*. In nU experimentii *odium peatoJ^nrbita] v>hb used for an- 
eathcala, and pulmonary ventilation wns maiDtnincd vritU intermittent positive prewure olr 
insalHation given through an endotracheal tube. A right cervical and acveral different tmnB- 
plenml apprcache* were employed, depending on how large n portion of the esophagus wna 
to be separated from Its l>od. In all inatancea the main trunks of the vagus nerves wore 
Tisnallxed and dissected free from tho csophagas. The actual mobilltation of the esophagus 

accompllshcMi by sharp and blunt dissection. All possible delicacy was employed in 
handling the esophagus with instniments. Blood vessels, except for the axygos vein, were 
ligated only if they bled copiously. 

Tho experimental scries ^^LS divided iuto six groups, shown disgramDiatieally in Fig. 1. 

Oroup I had an eitensi^'e procedure through a combined thomcoccrrical approach which 
permitted division of tho esophageal blood and nervo supply botAveen tho cricoid cartilage and 
the diaphragm. Group IT undenvent a similar operation, except that tho 2.0 cm. portion distal 
to the cricoid eartilngo and onother 2.0 cm. portion proximal to the diaphragm were left un* 
disturbed. In Group III dcvascularlantlon and denervation were limited to tho thoracic 
Gsophagns from the diaphragm to a point nlxtot 2.0 cm. nlmve the aortic arch. Group lY had 
the thoracic esophagus mobilized from the aortic arch, through the diaphragmatic hiatus, to 
the cardla. In this procedure tlio vessels extending 3.0 cm. along the greater and lesser curva- 
tores \roro also divided and ligntetl. Both vagi were severed at tho level of the diaphragm. In 
Group V the esophagus was mobiliiod between its mid-corvical and mid-thoracic points. In 
Group VI the upper 8.0 cm. of the cervical esophagus was freo<l from its bed. 

Postoperative caxo included a milk diet for ten day*, nftor which the animals received 
their usual ground horsemeat and dog biscuit. Follow-up consisted of fluoroscopic and roent¬ 
genologic studies two weeks after operation and at bimontlily intervals thereafter, until func¬ 
tional recovery occurred or death terminated the experiment. A thick mixture of barium 
*alfate, ground horsemeat, and milk, was used as a contrast medium. 

Experimental results •were evaluated clinically in terms of regurgitation of solids and 
liquids, and of sorvival. Objective studies consistod of fluoroscopy, roentgen Aims, gross and 
microscopic examination of specimens stained post mortem by the Loyez myelin, eosin- 
thlonin, and oosin-cresj’-l violet techniques. The specinions wore also studied by arterial 
injection with latex,* using a modification of Darnel's metliod.'i Tliesc were cleared in methyl 
salicylate and photographed by direct and pcf!oc(e<l light.** 

Oor method of injecting tho arterial sjrstcm ^ms as follou-s. 

1. Anesthetize and exsanguinate dog. 

2. Cannnlate tho abdominal aorta Avith a No. 13 needle below tlic renal 

arteries and secure it uith three heavy ligatures. 

^ 3. Incise both external jugular veins and the inferior vena cava, 

•LAtejt; 8-70G-A Red No. J. 
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'T'HE experimental studj’’ of the blood supply to the dog’s esophagus was 
i- prompted by statements in the literature on esophageal surgery that the 
circulation of the esophagus is poor.**® A recent study of end-to-end an¬ 
astomosis of the esophagus under tension® demonstrated that considerable por¬ 
tions of the thoracic esophagus could be resected wth extensive freeing of 
each segment, and successful end-to-end anastomosis performed. The pres¬ 
ent experiments attempted to define safe limits of mobilization of the esopha¬ 
gus in an effort to extend the scope of esophageal surgery, particularly in chil¬ 
dren. The character of the experiments also made it possible to study the ef¬ 
fects of esophageal denervation. 

The experiments eon.sisted of mobilizing vaiying portions of the esophagus 
and evaluating the effect of this on (1) cii’culation, and (2) function. No com¬ 
parable study has ever been made, to our knowledge. The nearest approach is 
the work of de Francesco,* who concluded that surgical denervation of the ab¬ 
dominal portion of the esophagus produced no significant alterations in tone or 
peristalsis. Although surgical opinion generally considei’s extensive mobilization 
of the esophagus dangerous,**® Miller and Andrus® and Ochsner and Owens'’ 
mentioned freeing the thoracic esophagus well up into the mediastinum without 
serious consequences. Fischer*® quoted Zaaijer as saying that it is possible to 
isolate the esophagus to a great extent without grave disturbance of its clrculahom 

The arteries supplying the esophagus of the dog have been descri 
in detail by Saint® and Demel.** The upper eerrical portion is nourishe 7 
branches of the thyroid artery. The lower cervical and upper thoracic i 
visions are supplied by branches from the subclavian artery. The mid-thoracic 
part of the esophagus receives its blood supply from the bronchoesophngca 
system, wliich aidses as small branches from the aorta at the junction o i 
arch and descending portion. The lower thoracic esophagus is nounshe y 
ascending and descending branches stemming from the aorta 
third and fifth intercostal arteries, while the remainder is supplied^ 7 ^ 
phragmatic vessels and branches of the left gastric artery. The intnnsj^ 
esophageal arteries run longitudinally, and through these the extrinsic i ess 


of each group intercommunicate freely. , 

The motor innervation has two components, the phaiyngeal branc 
the glossopharyngeal nerve and the esophageal branches of the yagiis ne 
The structure of the esophagus in the dog and the human being is 
comparable, although in the dog striated muscle is more plentiful, 
the upper third of the circular coat and the entire longitudinal layer. 


From the Department ot Surgery, Harvard Medical School, 

Children’s Hospital. „ 

This investigation was supported by funds from Oie Grant Foundation. 
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4. Fliwb the circulatory «yatem with two to three pallons of cold Isotonic 
inline solution while innnli)ulatinp the neck, tongue, nnd stomach. Continue the 
flushing until flow from reins Is clenr nud nil visiMe reins conlnin no blood. Tlio 
injection prewuro should not exceed 2o0 n>m. of mercury. 

D. Mix latex* using either PC 5*20, n white, mdlopaque material, or S-7G5-A 
red No. J for colored propamtions; stir carefully in hot tap water and continue 
dilution until spoeifle gravity does not exrccil 1.005. 

0. Inject under ninxinml pre^ssuro of 250 mm. of mercurj* for twenty to forty 
minutes. 

7. Rofrigornte entire cadaver for at least tuelve hours. 

8. Remove injcrlfwl esophagus, fix in 10 per cent formalin, anil clear tlirough 
alcohol nnd bonzeno to nictbyl sniicylale.t 

EXPFJtl.MEXTAl. Uh><l'LTK 

Tlie anatomic results of the esophngonl mobilizations are given in Fig. 2. Complete 
obserrntioJis on dlftnrl»ed functions or pathologic tlndings are fumrnnrimi ns foJJonn. 

Croup /.—In thoso eight dogs tliC nioMIlmtion cut ofT oil tlie extrinsic esophageal blood 
supply except for the gastric and dlaphragmntic brnnrhc.s and some pharyngeal connections 
(Fig. 1). Denervation Included the pharx'ngral bmr.clics of ihe glofsopharyngcal nervo and 
the etopitngeal branches of the vngus. 

Three dogs were }qicrificc<I on the third postoperative duy to obtain injected spcciraons. 
The remaining five died uithln elglitecn days of opi'ration. The average survival time ans 
five days, Ono subject dle<l of perforation of the esophngus, and the remaining four of 
pnlmoDarj* sepsis secondary to aspiration of snllrn and ingested njaterioJ. 

Clinically, all subjects sulTere<l from aspimtion of overflowing esoplmgcal contents 
secondary to cardlosjKism and to lack of peristalsis. All l*egQn to regurgitate fluids and small 
samples of foo<l on the first postopcrtitlvc day and eontinueil to do so until death. 

Fluoroscopy of ti typical subject two days after operntion sliowcil rapid ingestion of 
contrast medium, normal swallowing movements In the phar>-nx, but no primary peristaltic 
^ve in the esophagus to grasp the ImjIus and carry it dounwnnl. The Imrium distended the 
entire osophagxis until the structure filled nnd overflowed into the larjm.t. There was inter¬ 
mittent relaxation of tlio lower 2.0 cm. of the thoracic esoplmgus, permitting some borinni to 
enter the stomach. In tlic roentgen films the esophagus resenilded an elongated, inert sne with 
a rather uniform diameter of 3.0 cm. (Fig. 3). 

Autopsies in tins group revealed one mucosal ulceration, and ore esophageal slough wliich 
^circled the esophagus and extended 3.0 cm. above ond 7.0 em. l>clow the first rib. ilicro- 
®‘^opic examination of tissue near the slough showed acute inflammation with necrosis, 

Mammary.—Two dogs dorclopc<l mucosal ulcemtions and In one there Avns esophageal 
Perforation. Aspiration and fatal pulmonary sepsis cnuseil the death of four out of five un- 
^erificed dogs. In this group, neuromurculnr impairment overahadowetl vascular damage. 
Rencrvntlon caured cardiospasm ns well as dilatation and lobs of peristnLsls in the esophageal 
'Pgment mobllired. 

Group II .—These twelve dogs had a mobilitntlon of the esophagus wliich inteimptcil tlie 
blood supply from the subclavian, bronchoesophngcnl, and the upper aortic branches, and a 
deuervution involving the vagus fll>ors from 2-0 em. IjcIow tlie cricoid cartilage to 2.0 cm. 
al>ove the diaphragm. 

Fatal sequelae of derasculorizatlon were three i)erforntlons nnd tlirec strictures of the 
^^phagua. One dog died of pneumonia two daj'8 after operation. Another dog died of wound 
six dnj-s after operation. Four doga liv^ to recover function. The stricture gradually 
‘li^appeared in one subject. 

•Stock solnUon* »oM by General Ljitex and Chemical Company. Cambridge, Mas#. 
tTlme *chedule for clearing: 70 per cent ethyl alcohol twent>'-four to thlrty-slx hour#; 
cent ethyl alcohol for another twonty-four to thlrty-alx hour#; abaoluto alcohol, n-lth 
Intwenti’-four hours total; bemiene U.S.P. twenty-four to forty-eight hour#; store 
#ieth>'i salicylate. U.S.P., four parts, to bengyl benxoatc. U.8.P„ three parts, until clear. 
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Regurgitation of eolid^ oecnrrod in eight niiininl«, ntul in throe fluids and aalim also 
xrero rogurpitnto<l. Tliroo of thcw sulgecta developed strictures severe enough to cause death. 

During fluoroscopy the contrast medium wonhl be ingested and readily 8^vnllow(^d until 
Iho esophagus resemble<l nn elongntod, smooth-nailed fusiform snc. Both the cervical and 
thoracic portions wore involvotl, Indicating lack of tonus.i^. If more food were given It 
vrould push tho osophngenl contents tlirough the cnrtlinc sphincter into the stonmeh. If food 
were withheld, the dog would cither regurgitate the esophageal contents, or else tho Inttor 
would sluggishly enter tlio stomach during intermittent relaxation of the cardiac sphincter 
over a period of fi\*e to ton minutes. 


V ' .. . . . . 'f . ■ . 



8.—Lateral film two days after operation on dog tn Group I. Note marked dilatation 
oncl absence of peristaltic waves, 

Tho dilatation was temporary. Tho diameter of the cervical esophagus, normally 1.5 cm., 
incrcnsetl to a maximum of 3.3 cm. at approximately eix weeka after opomtlon. During the 
same time the thomcic portion, normnlly £.0 cm., attained a maximal diameter of 3.5 cm. 
(Fig. 4). 

Effective peristalsis reappeared approximately ten weeks after opemtion, when it swept 
boli 6.0 to 6.0 cm. long down tho esophagus to the stomoch. Completely normal primary 
peristalsis was not present until nlwut twenty-four weeks after operation, when boli wore 
reduced to a normal 2.0 to 3.0 cm. and were carried without delay to the stomach. 

Minimal cardiospasm was seen in both films and fluoroscopy and disappeared after 
P«'istaltlc recovery. It seemed, more closely related to tho absence of primary poristalsU than 
to true spasm, although it resemlded Templeton's^o description of cardiospasm. 

Roentgenologic evidence of stricture nt the level of tho first rib appeared in four dogs 
'rithin two weeks of operation. Each stricture consisted of n narrowed area 1J5 to 3.0 cm. long. 
One stricture disappeared gradually over a period of six months. In tho other three dogs, 
■tricture wns severe enough to result in fatal complications. 

Two animals, at necropsy six days after opemtion, were found to have esopliogeol 
necrosis with perforation. A third, sacriflcod eight weeks after opomtion, showed a small, 
'^ed-off perforation and fibrous replacement of muscular and submucosal layers, Sx>ecimens 
from the three animals with strictures resulting In fatal complications exhibited on even 
nioro striking fibroblast proliferation into all layers, with degeneration of the epithelium to 
a one-laj^er cuboidal typo. The strictures and perforations wore found \rithin 1.0 cm. of tho 
flntrib. 
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Total Dogs-8 
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GROUP 31 



Total Dogs-12 
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Total Dogs-16 

Perforations-6 

Strictures-0 
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Devascularized areas shown in solid block 


_^Anatomic changes following mobilization 


of various portions of the esopl'“P' 
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Solid food wns ropurpltntcd by four dojjH nnd fluids by two, from the soventli to the 
eighteenth postopomtivo dtiy, with one expejition. This nnimnl continued to regurgitate, uith 
intermittent a^plmtlou of footl nnd fmlivn; dentil from pneumonia nnd multiple lung nbscewie? 
finally oecuntnl three niontlu! after opomtion. 

At fluoroscopy, the subjects hnd nonunI jiriuiniy- jHTistalsiH to the le^■el of tho first rib. 
Below this point there iras no peristalsis, nnd tlie esophngus dilated to a fusiform shape nearly 
three times its normal dinmotcr. ilftcr the entire esophagus ivns fully distended, intermit¬ 
tent relaxation of the enrdin occurreil, sufficient to nllow smnll I>oli to pass, bat complete 
emptying did not take place. Omdual return of tonus began nt nl>out ten a-oeks, after the 
thomcio esophagus had renchetl n maximal dinmeter of 5.0 cm. 

Beginning two weeks after operation, jirininry peristalsis and spasm of the lower 2.0 to 
3.0 cm; of the esophagus were seen on nil films. I*rinmry peristalsis was too weak to Iw dem- 
oostmted fluoroscoplcnlly until npjiroxlmntely fen weeks nfter opemtioa. Segmental con¬ 
traction* were minimal in numlKT nnd ttrengtli two weeks nfter o|)eration. TJieso gradually 
incrcnsetl in depth, but wore too weak to l>e risnnllie<l by fluoroscopy until four to six week* 
nfter denervation (Fig. 5). 



Pic. 6.—Lateral flJni of thoracic esophagus taken ten weeks after operation on doc In Qroup III. 

Note dilatation, nbscnce of pr!niar>' perUtnlsls, and cardiospasm. 

Functlonnl rccoveiy* occurred twelve weeks nfter operation In one dog. Another, who 
TOrvired a similar length of time, hnd cnrdlospnsm sufficiently severe to causo chronic aspim* 
lion. A third long-time survivor nt sixteen weeks showed strong primary perietnlsls, insuf¬ 
ficient to overcome severo enrdiorpasm. At twenty weeks diminishing cardiospasm and dUnta- 
hon were seen. At twenty-four weeks good function, ^vith return of tonus and disappearance 
of cardiospasm, was demonstrated. At twonty-six weeks primary' peristalsis transported boll 
10.0 to 12.0 cm. long down the esophagus nt uonnal speed ^rithont either residue in tho upper 
thoracic esophagus or dolny nt the enrdin. 

At necropsy, severo circulatory InsufllcJciicy wns raanlfeste<l lu one esoplingus which 
perforated at tlie level of tho first rib five days after operation. Ulcerations of the mucosa, 
op to 0.0 cm. in length, were observed In five specimens examined within two weeks of 
operation. Since they were found after tlio date nt which perforation was usually soon, we 
consldere<l thfro os phenomena of secondary importance. 

Gross evidence of nouropathologic cliange was a striking flabbiness nnd dilatation of tho 
tliorncic esophagus. Tlie eireuraforvnee mnge<l from an average of 3.0 cm. three days after 
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Four animals showing complete peristaltic recovery were sacrificed twenty-eight, tlihtj, 
thirty-four, and thirty-eight weeks after operation. All specimens were grossly normal in 
color and circumference, and were lined with healthy epithelium. Microscopic e.xamination of 
sections taken at the levels of the first rib and the cardia showed completely normal stmeture 
The gross changes resulting from denervation were a marked dilatation and flabbiness of 
the esophagus. These were present in all dogs dying prior to complete peristaltic recovery 
The esophageal circumference ranged from 3.0 to 4.0 cm. in the neck and from 4.0 to 5.0 cm. 
in the thorax, compared to a normal control specimen of similar length whose cervical and 
thoracic circumferences were 3.0 and 3.5 cm., respectively. This change was observed three 
days to eight weeks after operation. Normal-appearing ganglion cells of Auerbach’s plesns 
were found in all specimens from dogs with complete functional recovery. 



Fig. 4.— A, Lateral film of dog In Group II five weeks after operation. return 

loss of peristalsis, and cardiospasm. B, Same dog, eleven weeks after ope 
of tonus and prlmarj- peristalsis. 


Summary .—In these twelve animals there were tliree perforations an 
of the esophagus. One stricture disappeared and the dog completely the 

Denervation caused temporary cardiospasm ns well as dilatation and loss of be- 

mobilized esophageal segment. In the surviving six animals there was no incoor ^ pj. 
tween deglutition and peristalsis, and cardiospasm was minimal. Primary p 
turned in ten weeks and complete recovery occurred twenty-four weeks kft®^ elinunal^ 
Group III .—In this group of seventeen dogs, mobilization of the esop the 

branches from the lower half of the subclavian artery, the bronchoesophagea diapkf®?® 

aorta. Denervation included vagus fibers from 2.0 cm. above the aortic arch to 

(Fig.l). _ -n the first postopen 

In this group, one animal died from improper anesthesia; two died in infecti®"' 

ative week, one from perforation of the esophagus and the second from vv esopho’ 

Two dogs were sacrificed in the first postoperative week to obtain injected specif 
gus. Nine died of pneumonia or distemper within twelve weeks of ^ and 1'“'^ 

showed functional recovery. Three animals were followed for a longer perio ^o^ ’ 

complete recovery of esophageal function at twelve, twenty, and twentj'-two nee' • 
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Summary .—Tlioro no slriclurcR or perfomtlon5 of the cfrOphnpua in this proup of 

•litcen dogs. Denervation enured terapomrr cnrdio«pasm and low of perlatnlsin in the 
mobUlxod eaoplmgeal ecgmcnt. Six of thc»o dog« were studittl to dotennino tho time of func¬ 
tional recovery. Thla occurred in three doga nt twenty-six, and twenty-nino weeks, respectively. 
In the two which were followed for thirty-four weeka after denervation there was complete 
recovery, with no abnormalities demonstrable fluoroscopically. One dop showed no recoverv 
of function and was sacrificctl during the twenty-eighth poslopemtlvc week. 

Croup T.—In this group of five dogs, mobilitntion of the csophjjgus eliminated the 
ascending and descending branches of the suijclnvian artery. Denervation excluded vagus 
fibers from the mid-etr\'icnl to the mid-thoraclp n*giim (Pig- 1). 

There was one death from esophageal perforation. Another death resulted from dis¬ 
temper eiglit weeks after operation. Tim tliree «log8 that survived were studied for functional 
activity. 



PiR. 6.—Lateral nim of thoracic eeophapus taken five weeks after operation on Ooff In Group 
IV. Note dllatatfon and absence of prlmarj' perlstalsli. 

None of tho subjects showed evidence of food or fluid regurgitation during the immediate 
postoperative period. 

At fluoroscopy tho contrast medium was ingested and carried by primary peristalsis 
to the donervated portion, which dllateil to neiirly thrice its nonnnl diameter. As long as 
feeding was continued, ingested boli pushc<l the contents of the Inert, dilated esophagus into 
the stomach. At the end of feeding the illstended area remnined free of any peristalsis and 
emptied gradually over a jxiriod of several miuuttai. Peristalsis was absent approximately six 
weeks after operation. None of tiie dogs showed cardiospasm. Functional recovery with nor¬ 
mal peristalsis appeared in the three long-term survivors eight to ten vreoks after operation. 

There ^TnB no gross evidence of neuropathologic change. 

Eumnarf .—There was only one instance of clrcolntory insufficiency, manifested by 
necrosis and perforation of tho esophaifiis at the level of the first rib. Denervation caused 
dilatation and loss of peristalsis in the affected urea, Tbere was no cardiospasm. Fum^tml 

rocoverj’was observed eight to ten weeks after Operation, 
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operation to an average of 5.6 cm. three months after operation, compared to a circamference 
of 3.0 cm. in a control specimen of similar length. There was one death tliree months after 
operation from chronic aspiration caused by persistent cardiospasm. 

Summary .—In a group of seventeen dogs, there was one anesthetic death, one death from 
perforation of the esophagns, and a third from pulmonary sepsis caused by aspiration sec¬ 
ondary to cardiospasm. Denervation caused temporary cardiospasm as well as dilatation and 
loss of peristalsis in the mobilized esophageal segment. Primary peristalsis returned ten 
weeks after operation but persistent cardiospasm delayed complete functional recovery un¬ 
til twelve to twenty-six weeks after denervation. 

Group IV .—In this group of sixteen dogs, esophageal mobilization extended from a point 
2.0 cm. above the aortic arch, through the diaphragm, and along the greater and lesser curva¬ 
tures of the stomach for 3.0 cm. Vessels divided included the lower esophageal branches of 
the subclavian artery, tlie bronchoesophageal, aortic, phrenic, and left gastric arteries, and 
the upper vasa brevia. Denervation compromised the entire vagal supply to the devascularized 
area (Fig. 1). 

There was one anesthetic death. Tliere were no dcatlis attributable to the devasculariza- 
tion and denervation in' this group. Four animals were sacrificed to obtain injection speci¬ 
mens during the first week after operation. Four subjects died of distemper witliin three 
weeks of operation. One died of intussusception during the sixth postoperative week. Sn 
dogs were studied twenty weeks or longer for functional recovery. 

Four dogs began regurgitatiiig food, and three of these saliva, two to four weeks after 
operation, and continued to do so for four to twelve weeks. However, no subject showed 
evidence of malnutrition or chronic aspiration. 

AH the dogs exhibited nearly uniform roentgenologic findings. Two days after opera 
tion peristalsis and segmentation were absent in the thoracic esophagus of two dogs. The con 
trast medium was ingested, swallowed, and carried l)y normal primary peristalsis to the 
esophagus, which would distend markedly xuitil tlie dog either stopped eating or regurgitat 
Eventually the esophagus emptied, usually after at least ten minutes. Spasm of the rar 
splrincter was more prolonged than in any- of the other groups, and extremely active pens a 
in the upper esophagpis was necessary to overcome this spasm. AJthougli weak peristalsa ^va 
seen occasionally in all dogs fluoroscoped two to ten weeks after operation, moderately r^^g 
peristalsis was not present until twelve to fourteen weeks. At this time, cardiospasm was 
too severe to allow prompt complete emptying of the esophagprs. jijnia] 

Adequate functional recovery was characterized by active primary peristalsis, 
dilatation of the lower eighth of the thoracic esophagpis, and minimal cardiospasm.^^ ggrdia. 
were given continuous!}', it would pass down the esophagus with a brief delay at 
The terminal portion of the food bolus remained temporarily in the lower end of t c 
esophagus. This -phenomenon was observed in three long-term survivors tuenty o 
nine weeks after operation. One dog was sacrificed during the twenty-eighth 
week because cardiospasm persisted and primary peristalsis had not reappeared m 
esophagpis. Two long-term survivors showed no discernible abnormalities twenty- 

thirty-four weeks after operation. Cardiospasm, gradually decreasing over a peno 
five to thirty-four weeks, appeared to be the disturbing factor in functional recovery.^^ 

Maximal dilatation of the thoracic esophagus measured in the roentgen gnoro- 

cm. and occurred usually thirteen weeks after operation. This coincided with t le jjppfoj- 
scopic evidence of primary peristaltic return (Fig. 6). Tonus began to reappear a 
imately ten weeks, and segpnentation at five. _ H mucosal 

There were no deaths from insufficiency of the esophageal blood supply. n* 
ulcerations in the lower thoracic esophagus of three subjects, sacrificed at a a ^ 
that at which perforations occurred in other groups, wore, therefore, consi e 

dental findings. esophagus in 

Neuropathologic changes were suggested by the dilatation of the The 

seven of the twelve specimens examined two days to thirty-two weeks after en 
dilated esophagi ranged in circumference from 3.5 to 5.0 cm. The latter was 
weeks after operation. 
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The dissection inobilizinp the cervical csophngiLs fi*oin tlie thoracic inlet 
to the cricoid cartilage, including the posterior and lateral surfaces of the 
larj'Ugcal portion, interrupted the nlTereiit nntl elTcrcnt Abel's in this segment. 
The interruption over so wide an area of the eontimiity of the reflex ai'cs re¬ 
sponsible for the latter part of the pharyngeal and all of the i^ophageal stages 
of deglutition (that is, (Iroups I and VI) accounts for the absence of peristaltic 



Vf-, "i*—Representative upeclmena of osophoRl with arterial blood supply Injected. A, 

• note *epTnental arrangement of blood supply. B. Group I. EeophamB mo- 
from cricoid cartfiaco to dlaphrasnu Note dilated loncltudlnal arteries extending Into 
'^>'motJc area. C, Group III. EsonhRFUs itiobllUed from a point 2.0 cm. above the aortic 
n o “ dlaphrntm. Note dilated lon^tudlnal arteries In the Inferior half of the specimen. 

r\’. E>ophagiu mobllUod from a point 2.0 cm. above the aortic arch, through the 
to the Cardin. Blood vessele of the greater and losser cur^Titures ligated and dl- 
1.0 cm. beyond the cardla. 
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Group VI .—In tliis grouj) of five dogs, mobilization of tlie upper cervical esoplrngns 
eliminated the csopliageal branches of the thjToid artery. Thorough denervation nffecteil 
efferent and afferent fibers of the glossopliar^mgeal and vagns nerves (Fig. 1). 

There were no deaths from stricture, perforation, or aspiration. One dog died of 
distemper eight weeks after operation. 

Clinically, these dogs showed no evidence of either aspiration or malnutrition. None 
regurgitated either saliva or ingested fluids. 

During fluoroscopy the contrast medium was ingested, and with normal deglntition it 
entered the esophagus. It then dilated the inert upper esophagus until the contents sank to 
the unaffected portion, which emptied rapidly bj' primary peristalsis. All subjects shoved 
temporary dilatation and loss of primary 2 )eri.stalsis in the denervated area, but no cardio¬ 
spasm. Peristalsis returned and dilatation disappeared four to eight weeks after operation in 
three of the four long-term survivors. The fourth subject showed normal peristaltic activity 
at twelve weeks. 

iSiKWimari/.—There were no perforations, strictures, or other lesions indicating circulatory 
insufficiency in this group. Denervation caused local loss of primary peristalsis, but no cardio¬ 
spasm. Complete recovery occurred, on the average, six weeks after operation. 


DISCUSSION 

Throughout the experiineuts we were impressed by’’ the richness of the 
extensive longitudinal intrinsic arterial plexus demonstrated in the injected 
specimens (Fig. 7). We feel that these anastomosing intrinsic arteiies it ere 
responsible for maintaining esophageal viability after localized portions of the 
esophagus had been denervated and devascularized. 

In this series of sixty-three mobilizations of various portions of the esop a 
gus in dogs we considered perforation and stricture to be evidence of seiious 
vascular insufficiency. Mucosal ulceration, observed in several specimens’n 
Groups III and IV subsequent to the expected time of perforation, presuma J 
had little effect on either the viability or the function of the esophagus. 

Prom our data (Figs. 1 and 2) we learned that either the ceivical 
is, Group VI) or the thoracic esophagus from the eardia to a point a ou 
cm. above the aortic arch (Groups III and IV) could he mobilized ivit i sa 
Devascularization of both the thoracic and cervical portions of the ^ 

(that is, Gi-oups I and IT) caused seviom vascular lesions in almost one 
the animals. We found that no specific artery was vital to the 
circulation, nor was any one area more susceptible than anothe: to ne 
after devaseularization. Perforations were usually found in the nn 1 
of a devascularized segment. 

Before considering the effecte of denervation it would he ’well 
marize the swallowing mechanism. Noi’mal deglutition consists o a 
of coordinated reflexes mediated by extrinsic nerves from mec n ai^^^ 
pontine centere. The afferent or seusoiy fibere of the reflexes aie piov ^ 
the branches of the glossophaiyngeal and trigeminal nerves, an 
phai-yngeal and superior lai-yiigeal branches of the vagus. These 
innervate the mucosa near the entrance to the phaiynx. The effeje'i ^ 
fibei-s of the reflexes are supplied by the hypoglossal nerve to the 
cles, the pharyngeal branches of the glossopharyngeal nerve, an 
geal and esophageal Abel's of the vagus, to the muscles of the phai.ynx at 
ngus, and the third division of the trigeminal nerve to the mylohyoi 
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It is endent from these experiments tlinl n eonsidemble portion of the 
esophngns can he separated from its regional blood supply with much less 
chance of serioiLS complications than has been i)reviously accepted. Surgical 
mobilization of one-half the entire esophagius i.s a safe procedure. Groups III 
and ly indicate that most of the thoracic esophagus cun be freed even down 
to the stomach without comi)romiaing the blood supply. Group VI shows that 
the entire cervical csojihagus can be freed without impairing its blood supply. 
To free the entire csophagits (cei-vienl and thoracic) results in a very high 
incidence of vascular failure, as demonstrated in Groups I and II. 

It should he emphasized that if a imrtion of the esophagus is to be re¬ 
sected, a proportionately larger segment of the c.sophagus may be freed from 
Its vascular supjily, since the area within the poorest circulation will be re¬ 
moved.” 

It is clear from these experiments that after separating the esophagius 
from its bed, changes in function are observed which are eaiised by injury to 
the nen-e supply. This dirision of nervous iiatbways for the most part results 
in a loss of peristalsis, which, fortunatelj', is only temiiorary. When the dis¬ 
section is e.xtcnded beyond the diaphragm there is prolonged cardiospasm 
unless the vagus nerves are carcfiill.v identified and preserved. However, even 
if the vagi are divided at this level, recovery from cardiospasm takes place 
after twenty-eight to thirty-four weeks. The occurrence of these functional 
changes is extremely important to remember in dealing with postoperative 
patients in whom a portion of eso]ihngua has been freed. 

The data of this cxiierimcnt sugge.st solutions to several jiroblems of 
asophageal surgerj-. A short benign stricture could be resected and repaired 
by end-to-end anastomosis. This has been reported by Gro.ss,'* .Swenson.”" 
Others have corrected atresia by mobilizing both segments of the esophngns 
extensively and performing an end-to-end anastomosis. Congenital short 
esophagus with diaphragmatic hernia has been successfidly treated by mobil¬ 
ization of the esophagus upward to the aortic arch and domiward through the 
diaphragm (ns in Group IV), but lenring the vngius fibers intact, replacing 
the stomach in the peritoneal car-ity, securing the esophagus in normal posi¬ 
tion with interrupted sutures, and repairing the diaplirngmatio defect.”" The 
satisfactorj- resection of esophageal malignancy and restoration of continuity 
ivith end-to-end anastomosis would depend on the presence of an early, small, 
well-localized lesion. EienhofP” rvill soon report his ex])erienccs ivith this 
problem. 


CONCLUSIONS 

1. Tlie esophageal blood supply is sufficiently rich to permit mobilization 
of large portions of the esophagus. 

2. The cerracal esophagus can be safely freed from its bed. 

3. The thoracic esophagus can bo safely mobilized from the aortic arch 
through the diaphragm ivithoiit jeopardizing its blood supply. 

4. When lioth the cervical and thoracic portions of the esophagus are 
mobilized, perforation or stricture occurs in nearly one-half of the animals. 
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response to swallowing in the deneiwated area. With normal primary peristal¬ 
sis and no cardiospasm in the thoracic esophagus, and -with thorough denerva¬ 
tion of the lower pharjuigeal and upper esophageal region, there was no aspira¬ 
tion (Group VI). With a similar, but moi'e vvidespread denervation (Group I) 
there was cardiospasm and loss of peristalsis over the denervated area. Ve 
attribute the high incidence of fatal aspiration in Group I to cardiospasm 
and loss of peristalsis, and not to dissociation of pihaiyngeal and esophageal 
function. 


The most fundamental concept of esophageal peristalsis is expressed in 
Starling’s law: “Excitation of the gut at any point elicits contraction above 
and relaxation below the point of stimulation.” Cannon’® has postulated that 
this is a local phenomenon mediated by the myenteric plexus intrinsic to the 
esophagus. Transmission of primaiy peristalsis, except in the lower thoracic 
esophagus where smooth muscle predominated, is normally dependent upon 
the integrity of the Amgus nerves. Simple divosion of the esophagus without 
Amgal interruption does not stop poeiustalsis, while division of the esophageal 
vagus libel's results in complete temporary paralysis and dilatation of the 
upper two-thirds of the entire esophagus. In eases of vmgal interruption the 
myenteric plexus assumes control after about seven days and recovery of 
peristalsis gradually follows.’’ 


Although the extensiv'^e interniption of the esophageal Abel's of the vagus 
in the various groups of dogs is adequate to explain temporaiy loss of pei'istid- 
sis, it should be noted that all of the operations were accompanied by extensive 
devascularization, as well. This might well be expected to damage the cells o 
the myenteric plexus, or even the muscle Abel’s themselves. In this respect 
the work of Cannon and Burket” is pertinent. They demonstrated that t e 
cells of the myenteric plexus of the intestine had great resistance to anoxemia, 
and could recover normal function even when absolutely depriv'ed of t eir 
blood supply for periods up to seven hours. For this reason, and the fact t a 
vagal interruption alone can account for peristaltic loss, we feel that par la 
removal of the esophageal blood supply was not the primary cause of this p a 
nomenon, although it may have contributed to the long delay before leeoie . 
begins. 

Cardiospasm, as well as changes in primary peristalsis, Avas obseiAcd ^ 
Cannon” and hlilliiet’® after diAision of the Amgus below the origin of the 
rent laryngeal nerAm. We noted, Arst, cardiospasm of varying seven . 
Groups I, n, m, and IV, but none in Groups V and VT. We also o 
recovery from cardiospasm concomitant Avith the return of primary pen ^ 
in Group 11 at approximate!}’’ Afteen Aveeks, but not in Groups 
until approximately twenty-one and twenty-six weeks, respectively, . 

Arst Anding Ave deduce that the cardiospasm noted resulted from a oca 
not a Avidespread disturbance of the esophageal innei'vation. From o 
ond Ave learn that, although primary peristalsis reappeared almos 
taneously in Groups II, III, and TV, persistent cardiospasm gi-eat y 
the average time required for functional reeoA’eiy in the latter two gr 



BHONCIIOSPIROJIETRrC STUDIES IN BRONCHIECTASIS, 
BEFORE AND AFTER LOBECTOJIY 

Joan H. Long, JED., Chahles M. Nonms, JI.D., W. Emory Burnett, JI.D., 
AND JIary R. Wester. M.S. 

Pnn..ADELPniA, Pa. 

I N RECENT years the work of Cournnml and Rielmrds' and Pinner and asso¬ 
ciates’ has cliangcd the conecid of the nicasnrcnicnt of pulmonary function 
from that of a static measurement of vital caitacity to the d.\Tmmic measurement 
of the many aspects of respiration including the various divisions of the lung 
volume, ventilation, and the diffusion and transport of the lespimtory gases. 
The present study is concerned with the limited aspect of ventilation and oxygen 
uptake in a group of patients with bronchiectasis and the changes in these two 
functions following the .surgical i-escction of diseased lung tLssne. 

MATERIAL AND METMOD-S 

The over-all pulmonary' vontilnlion waa ilotcmiine«l in G4 patients with bronchiectasis 
in whom the pulnionarj- disease had been demonstmtotl and delineated 1>7 Lipiodol bron- 
cliogrmphy of all the lobes. These patients ranged In age from 14 to 57 years. There were 
33 male and 31 female patients. The results of the over all function studies were compared 
with the over-nil function obtained by the same roethwl on 03 normal individuals within 
the same ago range. In 44 of these patients lobectomy wos carried out, and the ovor-nll 
function was meoHured ogaln postoporntively, usually one to three weeks after operation, 
and, in the majority of cases, ognin several months or even years Inter. In .30 of the group 
with bronchiectasis, bronchospirometrlc studies wore carried out; in 21 of these preopora- 
tive and postoperative studies wore made several months after operation. Five other 
patients were studied similarly by externa! spironictrj* and bronchospiromotry before and 
fiftor operation. These underwent lolieetomy for bronchial adenoma (3), bronchial car¬ 
cinoma (1), and pulmonnr)’ cyst (1). 

External splrometrj’ moasuring ovcr-olI pulmonnrj' ventilation was carried out with 
the patient in the basal condition using n Roth-Benodiet water spirometer. With the 
patient resting In the supine position a record of quiet respiration was obtained over a four 
to live minute period; the resulting splrognim was used for analyslB of the oxygen absorbed 
per minute, the respiratorj' rate, the depth of respiration (tidal air), and the average 
minute volume of respiration (IT.V.R.), that Is, the respiratory rate times the tidal nir. 
The soda lime canister was then removed from the spirometer to lessen the resistance* and 
the patient was asked to breathe as deeply and ns fast ns possible for thirty seconds. 
■A- short recover}' period was always recordeil. From this record the mojcimum breathing 
capacity (MJJ.C.) was calculated in terms of liters i>er minute. This method of measuring 
voluntary 113.C. with the patient in the supine position gives consistently lower values 
than those obtained by Cournand* with the subject In the erect imsltion. The breathing 
r«*«n-e at rest was derived (M.B.CX - If.V.R.) and the per cent breathing roserv'e calculated 

Httordlag to Uie foratUn ^ 

A Qebauer twin spirometer was used In tlw broncJiospiromctrie dctorralnations. Although 
» Za\-od catheter n-as used in a few of the early determinations, a Koirls typo catheter* was 
Qsed in the majority of the cases. The xmtienta were not in a Imeal condition for this pro- 
•^ure. Local pontocalno anesthesia and fluoroscopic guidance were used, and the catheter 
in place with its tip In the left main bronchus. 

Donortments of Sunrerj* and and Broncho-EsopliRcoloffj'. Temple 

“■'ejltj- Hospital and Medical School. 
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5. The more extensively the esopliageal fibers of the vagus are dLsturlied 
near the diaphragm, the more marked is the resultant cardiospasm. 

6. Denervation of the esophagus causes loss of peristalsis followed by 
complete recovery from six to sixteen weeks after operation. 

Achixoioledgmeni .—This work was greatly assisted by tlie generous cooperation of Dr. 
Orville T. Bailey, Dr. Jonatliaii Cohen, Dr. Sidney Farber, Dr. Tiiomns Gucker, m, Mr. 
Ferdinand Harding, and Dr. Edward Ncuhauser, all of Tlie Cliildren’s Medical Center, and 
Dr. William Eichardson, formerly of this hospital. 
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br 84 of rc*iDiratIon (block bora) nchleved durlnp inaxlnmni voluntno* effort 

'rlth bronchlcctnsl* compared with tho depth of ro^plmtlon (white bom) 
63 normal eubjocta In the oamo ace croup. 
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The di^’i8ion of function between the two lungs was calculated from the broncho- 
spirometric record with reference to two fnctors: the per cent of the total oxygen absorbed 
and the per cent of the total volume of air moved by each lung. By referring these relative 
functions back to tl\e resting oxygen absorption and tidal volume ns determined by external 
spirometry' under basal conditions, the probable resting function of each lung was estimated. 


THE EFFECT OF BRONCHIECTASIS ON CERTAIN ASPECTS OF PULMONARY FUNCTIOX 


Bronelliectasis is a clironic disease of tlie bronchi characterized by a cough 
usually productive of large amounts of puralent sputum. Consideration of the 
pathologic anatomy leads to an understanding of the phj'siologic changes irhieli 
may occur with this disease. Tlte affected bronchi are abnormally dilated and 
filled ufith mucopniTilent secretion. The lesion of the bronchial walls may range 
from moderate dilatation with mild infection to enormous dilatation ivith loss 
of cilia, elastic tissue, and smooth muscle, and at times replacement of the vails 
by fibrous tissue®’ “ wdtli severe infection. Some pail of the lung parenchyma 
is also usually involved bj' pneumonitis, hemorrhage, atelectasis, or fibrosis aw 
seari'ing. Both ventilation and diffusion of respiratorv gases to and from t e 
blood may’’ be impaired. The movement of air to and from tlie alveoli may 
limited by the loss of elastic and smooth muscle tissue or frankly blocked b} t e 
accumulated secretions. The pa.ssage of respiratory gases to and from the oo 
may be further impaired by^ involvement of the alveoli in the disease 
Functional studies give some indication of the extent to whicli the nonna p 


monarj-' physiology' is altered by tliesc pathologic changes. 

In this group of 64 patients with bronchiectasis there was little 
evidence obtained from external spirometry tracings alone that the respira 
at rest was other than normal. In the majority of the cases the respira 
was less than 20 per minute, or within normal limits; in 11 it lange 
20 and 24, and in 1 it was recorded as 30. Three patients who ha 
bronchiectasis complained of dyspnea at I'est despite an apparent y 
resting ventilation as recorded by' external spirometi’y. Aiterial 
determinations -would have contributed to a better undei’standing o 


of the resting pulmonary' function. . ^ 

The maximum ventilatoiy ability as measured by tlie voluntary m^-'^ 
breathing capacity (M.B.C.) was frequently' below' normal (Fig. )• 
tain extent it might be stated that the more extensive the disease ^ ^ 
maximum breathing capacity'. The limited depth of I’espiration 
effort was largely' responsible for the lower maximum breathing capa ^^^ 
(Fig. 2). The rate and depth of respiration during maximum e oi^ g^j.gngth of 
only upon the patency of the airways but also upon the muscu j.elate<l 

the individual and his ability to sustain muscular effort, wliicli ni uri^ jjjjgence of 
to his general condition, liis nutritional status, and the capaoitJ' 

infection. Occasionally a striking increase in the maximum irea 
followed mgorous treatment which reduced infection and t ® Sueb 

purulent secretions and improved the general condition of t^^jjgjjoscop'o 
treatment included bed rest, abolition of smoking, postuia f^iro® 
drainage, cbemo- and antibiotic therapy', supplementary' piotein i 
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pci' petit diWsioii of the total lung volume tiy wciglit nnioiig tlic various lobes 
and their sulKli^^siona. Prom tlic.se vnlue.s the thcoreticjil lunction which might 
1)0 expected to romnin in lung .segments remaining on the operated side after 
lohectomy was enleulated. This assumes, of course, that function parallels 
anatomic size, which is not necessarily true, pailicularly in au abnormal lung. 

Two-thirds of the cases showeel that the diseased lung ventilated a greater 
volume of air than might he anticipated on the liasis of complete lack of function 
of the hronchicctatic areas. One-half of the total number showed a greater 
oxA-gen alisorption from the diseased lung than prcdictctL From this it would 
appear that either the diseased segments were not completely funetionlcss or 
that the undiscased portions had comiiensatcd for the lo.ss of function to some 
e.vtcnt. Both situations prohalily occur. 

In summary, the jiresencc of bronchiectasis in one or two lobes does not 
usually impair the resting ventilation appreciably. It does decrease the maxi¬ 
mum hteathing capacity below normal levels, pailicularly impairing the depth 
of respiration achieved, in a manner roughly proportional to the extent of the 
disease. The funetion of oxygen absorption is frcipicntly more impaired by 
hronchicctasls than the fiuiction of ventilation. The dinsions of Itotli functions 
between the two lungs may not differ from the normal if the disease process is 
limited to only a few bronchopulmonary segment.s. It must lie lememlicrcd that 
hronchospirometrA' measures only the relative functioning of the two lungs. 
IN'o are not able to say with certainty how much adjustment has taken place in 
the imdiseased portions of lung although compensatoiy incrcn.ses in ventilation 
and oxj'gen ah.sorption probably occur. 

ClIANOES I.V ftJLJlOXARY FUXCTIOX FOLLOWUKO nEAlOVAt, OF 
D1SF.,\SED SKOIIEXTS OF LUXO TtSSUE 

Questioms then arise ns to what occurs when a diseased segment or lobe of 
a lung is removed. Can an improvement in the over-all pulmonary function ho 
expected mth the removal of infected and distorted lung tissue, and what may 
happen to the function of the lobes of lung remaining on the operative side! 

Lindskog* in 1939 stated that the removal of one or Uvo lobes of a lung 
caused no permanent reduction of pulmonary volume, using the vital capneitj- 
and its component parts as criteria. Biroth” studied both lobectomy and pneu¬ 
monectomy patients two to thirteen years after operation and reported that the 
total lung volume tva.s less reduced than the corresponding lung parenchyma, 
suggesting that distention of remaining lung tissue occurred postoperatively. 
Tho total dead space was found to be increased, probably due to the increased 
inflation of the lung occurring with distention of the parenchyma. Kay, Meade, 
and Hughes' concluded from 26 bronehospirometric studies carried out following 
lobectomy that the function of the remaining pulmonary tissue on the operated 
side was dependent largely on the postoperative pleural complications and that 
the postopeiative function on the operated side in a patient with an uneventful 
eonvalcsccnco may be within normal limits. 
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administration, and blood transfusions. One patient with bilateral bronchw- 
had an initial inaxmnim breathing capacity of 30 litei's per niiaute; after 
one month of treatment this was increased to 66 liters per minute. A child irith 
bilateral bronehiectesis doubled the depth of respiration on nminium effort 
alter two weeks- of intensive therapy. A fifteen-minute period of postural drain- 
i?nn + nnn mcrease one patient’s vital capacity by 400 c.c. (from 

^ ' c.e.). On the otliei* Jifind tlicre was no change in tlie maximum 

breathing capacity of another ijatient after one month of similar intensive 
tlierapjE 


Extenial spirometiy gives information only about the total lung function, 
and more specifically, only about total ventilatoiy function. Bronchospirometry, 
which separates the air moved by the riglit and left Imigs .simultaneous]}', pro¬ 
vides the means of studying more closely the changes both in ventilation and in 
oxygen absorption ocenm'ng in pulmonary tissue diseased by broncliiectask 
It must be remembered that these studies will not necessarily give an evact 
picture of what is occurring in a diseased lung segment for it is not yet possible 
to measure the function of one segment alone. Bronchospirometry affords onl.v 
a comparison of one hing nitli the other, a comparison of one lung containing 
diseased segments with the opposite lung which may be noimal or partly dis¬ 
eased. At best it is not a question of comparing normal lung with abnormal 
limg but rather a pixiblem of comparing normal lung witli a combination of 
normal and abnormal lung, 

Bronchospirometry' was eanded out on 39 patients with bronchiectasis. In 
22 of these patients the broncliiectasis was essentially unilateral. In over on^ 
half (12) of the case.s of unilateral bi-onchiectasis the oxygen absorption from 
the diseased lung was impaired to a gi'cater extent than the ventilation of air 
by this lung, that is, the per cent of the total o.xygen uptake was less than the 
per cent of the total air ventilated. Of the remainder of the cases (10) 0'^ 
light deft ratios of oxygen absorption and ventilation were vrithin normal limits 
in 4; oxygen absorption and ventilation were equally' impaired in 2; while in 1 
otbei-s the ventilation was reduced more than the oxy'gen absorption. 
unable to tell from these measui-ements how much the noi-mal portion of hi^ 
on the affected side compensated in volume or in oxygen uptake for the diseased 
portion. At the moment it can be said that the data appear to suggest that in 
unilateral bronchiectnsis oxy'gen absorption usually tends to be impaired to a 
greater extent than ventilation. That is, in the diseased lung the mov'ement o 
air is less noticeably' affected than the gaseous exchange across the alveolar mem 
biane. Consideration of the pathologic anatomy alone might lead one to e-vpce 
this to be the ease. These results substantiate tiie work of Kay-, Meade, an 
Hughes,who likewise found that in bronchiectasis the uptake of oxygen 
the diseased lung was generally proportionally less than the ventilation throOo 
that lung. 

A comparison was made in the 22 cases of unilateral bronchiectasis 
the function of the diseased lung and the function wdiich might be expec 
the diseased portion were completely, functionless. A preliminaiy 
study was carried out on two paire of lungs and an estimate was made o 
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closely. There nro three possihilifies with respect to the funetion of the remaiu- 
ing lung tissue: (1) No change occurs in the ratios of the air moved or the 
oxygen absorbed by the two lungs, in which case an.v conipensatoiy changes or 
increases in volume or in oxygen uptake arc contributed to equally by both the 
operated and unopemted sides; (2) the per cent of the total ventilation and 
oxygen alisorption of the operated side is reduced with the lasult that conr- 
pcnsatoiu" changes occur largcl.v in the unoperated lung; (3) there is an iuorcasc 
in the per cent of the total function contributed by the icmaining segment of 
lung on the operated side, which means that it is this segment which is providing 
a large part of the compensation. 

A comparison of the percentage distribution of the movement of air and 
the oxygen uptake as determined b.v bronchospiromctiy in 24 cases pre- and 
postopemtivcl.v showed that all thi-cc of the aforementioned possibilities occurred, 
but with ditferent fretiucncics (Table II). iloreover. the ehnngcs in ventilation 
and in oxygen absorption did not jjarallel eneb other in every ease. 

In 10 eases the per cent of the total volume of air moved by the operated 
lung was significantly dcci-cased postoi)cratirel.v, which can only mean that an.v 
o^■er-all increases in the depth of ventilation which occurred were provided bj' 
the unopemted lung. In 10 eases there was no change in the ratios of the volume 
of air ventilated by each lung. This means that either the resected lobe had 
been complotel.v without funetion prior to operation or that the remaining lung 
segments on the oi>cratc<l side assumed the funetion formerly contributed by the 
diseased lung tissue. This docs not mean that the vcntilatoiy function of the 
operated lung had become nonnnl, but merely that the disdsion of function 
between the two lungs was the same ns it had been pmopcratively. Very infre¬ 
quently (in 4 cases) there was an actual increase in the proportion of air moved 
by the operated lung. 

The findings conceniing the ratio of the oxygon absorljcd by the two lungs 
were somewhat different and did not necessarily parallel the changes in ventila¬ 
tion. In 12 cases thera was a decrease ui the per cent of oxygon absorbed by 
the operated side, in 6 ea.ses there was an inci’case, and in 6 cases there was no 
change. 

Of the 24 patients on whom bronehospirometry was done before and after 
resection of diseased lung tissue, 18 had some reduction either in the per cent 
of the oxygen uptake or per cent of total ventilation contributed by the operated 
lung. Pour of the 18 had a reduction in both functions. Six of the 24 patients 
had cither no change or an increase in the functions of ventilation and oxygen 
absorption of the operated lung. The findings in the 14 patients who had had 
partial lolwctomies or a lobectomy plus resection of a segment of a second lobe 
did not differ from those of the entire group. 

Certain other facts might also be pointed out. After the surgical removal 
of the diseased lung tissue, the ratios of the air moved by each lung and the 
oxygen aljsorbed did not usually return to normal unless they were normal 
Preoporativoly. In 4 cases only was tlie resulting ratio of the ventilation by 
|be right and loft lung nonnnl (right 53 per cent ± 5: left 47 per cent ± 5); 
m 3 of these the ratio had been normal preoperatively and had not been changed 
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In our series preoperative and postoperative studies on 49 patients were 
compared for changes in over-all pulmonary function following resection of 
portions of diseased lung tissue (no pneumonectomies were included in this 
study) (Table I). The patients ranged in age from 14 to 57 yeais at the time 
of operation (average, 32.7 yeai-s). Operation was carried out in 44 patients 
for the treatment of bronchiectasis, in 3 for bronchial adenoma, in 1 for hronehio- 
genie carcinoma, and in 1 for the removal of a pulmonary cyst wliich occupied 
the lingula of the left upper lobe. 

In the immediate postoperative period (two weeks or less), while the patient 
was .still in the hospital, changes were noted both in the resting function and in 
the function vdth maximum voluntary effort. The restuig inspiration was 
usually more rapid than it had been prior to operation. There was httle change 
in the depth of respiration at I'est. There was, however, a marked decrease in 
tho depth of respiration attained dui-ing maximum effort as well as in the vital 
capacity. Pain with deep r espiration together vitlr a lack of movement of the 
diaphragm on the operated side due to erusliing of the phrenic neiwe at opera¬ 
tion were uirdoirbtedly factors which contributed to tlrese decreases. When 
corrrplete healing had taken place aird the thoracic eoirtents had become stabilized, 
these diffierrlties were olrviated aird the over-all ventilatory function r’etnnied 


to its preoperatrve level or iirereased, as rviU be shorvn. 

Comparison of the postoperative studies on 44 patients studied five months 
or more postoperatively vritlr the preoperative tests showed that in this latei 
period the restiirg respiration had returned to its preoperative character. The 
oxv'gen absorption at rest, the rate and deptli of re.spiratiou, and, hence, t e 
minute volume were the same as they had been preoperatively. Somewhat siu 
prising results were encountered in the comparison of the maximum breathing 
capacities. In more than one-half the cases there liad been no decrease in t le 
depth of respiration attained during maximum volimtary effort; in S cases t eie 
had been a significant increase in the depth (more than 300 c.c.). The maximum 
breathing capacity is the product of the rate and the depth. Coustancj or ^ 
increase of the dejjth coupled with either no change or an increase in imte uri 
maximum effort resulted in the following facts: not only had the niaximu^^ 
breathing capacity returned to the preoperative values in 15 cases, but m 
eases it had actually increased significantly (more than 15 per cent), the mm 
amounting to 147 per cent in 1 instance. In only 9 cases was theie a 
decrease in maximum breathing eapacitju These decreases were jjj'g 

to a decreased depth of respiration attained during the test period. 
patients with decreased maximum breathing capacity had had empyema 
the postoperative period; one had fever for eight days; 2 otheis ha ex^e^ 
bronchiectasis on the opposite side. There was no apparent leason 


decrease in the maximum breathing capacity in the remaining 5 cases. 

The fact that the resting respiration (ventilation and oxygen up ^ .jj 


the same as it had been preoperativelj’’ in aU cases and that the jg jliat 

ing capacities were the same or better in 82 per cent of the cases tissue- 

compensatoiy changes may have taken place in the remaining 
Bronchospirometric studies furnish a means of studvdng these c la e 
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by operation. In one ease tliorc Imd been nn incrense in the per cent of the air 
moved by the remaining segment of lung on the opemted side. Kay and asso¬ 
ciates' found normal ratios postoperativcly in some of their patients; the number 
was not stated. 

An attempt was made to corrclalc the postoperative course of the.se patients 
with the changes in the functions of oxygen uptake and ventilation of the 
opemted lung ns shown hy bronehospiromelrj'. Of the 8 patients with an 
absolutely uneventful postoperative eourse (that is, with no fever after the 
third postoperative day and no x-ray evidcuee of atelectasis after the first four 
to five days postoperativcly), 4 had some deerenso in function. All 4 showed 
a reduction in the per cent of total air ventilated hy the operaterl lung, hut only 
2 had a reduction in the per cent of total oxygen absorption. 

Six patients had x-my evidence of ntclcetasis for 5, 7, 8, 11, 11, and 17 days, 
respectively. Of these, 3 had a reduction in the per cent of total oxj’gen taken 
up hy the opemted lung with no change in ventilation. One had a decrease in 
botli of these functions. Surprisingly, 2 patients in whom the atelectasis was 
present for 11 and 17 days had no iinpaimicnt in o.x.vgcn alisorption in the 
remaining segment after it had rc-expanded. 

Of the 7 patients who had fever alone for 7 to 21 days postojierativoly, with 
no apparent etiologj' other than the chest lesion, 4 showetl some reduction in 
function of the operated lung. All 4 showed a doereasc in the per cent of oxygen 
taken up by the remaining lung segment and only 2 had a decrease in the per 
cent of air moved. 

The 2 patients with postoperative empyema and bronchopleural fistulas did 
badly. Both had rorj- little function remaining on the operated side cither with 
regard to oxygen absorption or ventilation of air. 

Considering these same bronchospiromotric findings from another vicwpo'rit, 
of tho 12 patients who had reductions in per cent of total oxygen use of the 
operated lung following resection, 9 had some postoperative complication (ate¬ 
lectasis, fever, or empyema); of tho 10 patients witli a reduction in the per cent 
of total ventilation by the operated lung, only 6 had some postoporativo com¬ 
plication, 4 hamng what was considered to be an uneventful postoperative course. 
However, not evorj' patient ivith postoperative complications suffered impair¬ 
ment of oij'gen absorption of ventilatory ability. To summariio, reductions in 
the ventilation may occur even with an uneventful postoperative course, whereas 
reductions in oxygen uptake are much more likely to bo associated ivith com¬ 
plications such as fever, atelectasis, or empyema. It is also possible for a patient 
to have such complications and to suffer no impairment in the functions of 
eentilntion or oxygen uptake of the operated lung. 

SUiniARV AND CONCLUSIONS 

Two aspects of respiratorj' function were studied, namely, ventilation and 
oxj'gen nptake, in a group of 64 patients with bronchioctasls and 5 patients with 
other pulmonary disease. Those wera compared \vith 63 normal subjects. 

In bronchiectasis it was found that tho maximum breathing capacity, ns 
sboivn bj- external spiromotrj', was reduced below normal in a manner roughly ^ 
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AN INSTnUJIENT FOR PASSIXU LIGATURES 


James R. ilcCoRRisroN, B.A.. M.U., CAL, M.Sc. 

JIONTRE.VI,, CaN.VOA 

A n instrument Ims recently been ilevLscd for piissinc ligatures about 
deeply placed stnietuios. This reiKii't Ls for the purpose of describing 
the instniment. 

The over-all length of the ligature passer is 10 inches (h^g. 1). It is % 
inch in breadth near the proximal (handle) end, and it tapers to a breadth of 
inch near the curved distal end. The curve near the distal end is one quarter 




Erom the Re**arch Suratcal Sonico, The Montreal General Hoepltnl. 
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proportional to the extent of the disease. This reduction was due in tiie main 
to a decrease in the depth of respiration attained during maximum voluntary 
effort. 

Bronchospii'ometric studies showed that in bronchiectasis the oxj-gen uptake 
in the diseased lung was often more reduced than the volume of air moved. 
The reductions in these functions were usually less than would be predicted from 
anatomic studies if the diseased lung were completely functionless, indicating 
that there was probably both some residnal function in the diseased portions 
and some compensation on the part of the undiseased segments. 

Although the reduction in the per cent of air moved on the diseased side 
was made up, in part, by an increase in the per cent of the total air moved by 
the undiseased lung, the over-all ventilation was normal only during quiet 
respiration. It was reduced during effort. 

Lobectomy or surgical resection of diseased segments of lung usually did 
not change the over-all ventilation to any extent, as shown by external spii'ometry. 
Often, there were increases in the maximum breathing capacity after resectiou. 
Occasionally, there were decreases. 

However, bronchospirometry showed that in the majority of cases (18 out 
of 24) there was some further loss of function on the diseased side after e 
surgical removal of the diseased segments of Inng. These reductions in ^en- 
tilatoiy function or in the per cent of the total oxygen absorbed were balanc 
by increases in these functions in the opposite undiseased lung. 

In almost eveiy ease a reduction in the per cent of the oxy^gen ® 
on the operated side was associated with some postoperative complication 
as empyema, atelectasis, or fever, attributable to no cause other than t le e 
lesion. Reductions in the per cent of the total air moved on the operat 
occurred, on the other hand, follonnng an apparently uneventful postopeia^i^^ 
eoui-se. Nev'ertheless, it is possible for postoperative complications such as a 
lectasis and fever attributable to the chest lesion to occur and to have no ® 
in the per cent of the oxy’gen absorbed or the per cent of the total air \en i a 
by the operated side. 
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PNEUIIONECTOJIV FOLLOWED BY I.MMEDIATE THORACOPLASTY 

Rni.,AND K. Iverson,* ir.D.. San Francisto, Cauf. (by invitation), 

AND IIoiiHB L. Skinner,! JLD.. Staten Isl.i.vd, N. Y. 

W E RECENTLY reported three eases in wliieli pneiinioncetom.v and tlioraeo- 
plasty had been performed at a sinttlc operation.' This series now includes 
ten patients. In this paper ive should like hriefl.v to leview these cases, and to 
include also a few pcitincut details of pro- and postoperative management as 
well as of technical considerations. First, however, it would seem appropriate 
to present those ohservations which prompted us to perform pneumonectomy 
and rather extensive thoracoplasty ns a single pioeetlure. 

We all know how the encouraging early results of pulmonarj- resection in 
tuljerculo-sis often gave way to oxtieme pessimism in the face of late spreads of 
disease in the eontralntcrnl lung following pneumonectomy, and in the ipsilateml 
portions of the lemaining lung following loheetomy. Bronchial fistulas and 
tulierculous or mixed empyenms were not uneommon. Overdistention of the 
eontralatoml lung, resulting in reduced lespimtory cflieiency and reactivation 
of quiescent tulierculous foci, was particularly distressing in the pneumonectomy 
cases. 

Improved surgical technifiucs and the advent of streptomycin have done 
much to eliminate the distressing complications of pulmonary resection in tuber¬ 
culosis. In order to avoid the complications incident to overdLstontion of the 
contralateral lung, it has liecome routine practice in most thoracic clinics to 
follow pneumonectomy by one or two stages of thoracoplasty, and upper lobec¬ 
tomy by a single stage thoracoplasty. These operations are generally performed 
three to six weeks after the resection. Elective thoracoplasty, however, is not 
without risk. To quote Bailej' and associates’ in a recent article: “Since two 
of the five deaths were subsequent to elective thoracoplasties performed merely 
to obliterate the pleural space, it can well be imagined that we are on the lookout 
for a method of avoiding this secondary operation." 

Erom the Surdcal sorvlco, UiUKkI SIhIm llarine HiMPltal, Staten iBlancI. N. T. 

„ Rcaa at tbe Twnntr-nlnth Annual WeaUng ut The Amarican Aaaoclatlon for Thoracic 
n'lrgery. New Orleana. La, March 1919. 

•Surreon, United Statea Puhllc Health Service. San Franciaco, Calif. 
tMedlcal Director. United Statea Public Health Service. Staten laland, N. T. 
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of a circle 2 inches in diameter. The instrument is made of malleable stainless 
steel, and is %2 inch .in thiclmess. The ligature slot opens at a distance of 1/4 
inch from the rounded distal tip and is cut obliquely. 

TECHNIQUE '' 

The ligature passer has been used in ligation of the pulmonary artery and veins in 
pneumonectomy and pnlmonar 3 '- lobectomj'- at the Montreal General Hospital. 

After the appropriate segment of arterj- or vein has been dissected free, the tip of 
the unthreaded instrument is passed under the vessel. The ligature is then placed in the 
slot, and upon withdrawing the instrument, is carried about the vessel. It has been found 
most convenient to introduce the ligature into the slot in the following way: As the snr- 
geon passes the tip of the instrument about the vessel to be ligated, an assistant holds the 
ligature under tension b}' grasping one end in a long curved forceps and the other end 
in his lingers. Upon placing the ligature in the slot the assistant releases the free end 
and the surgeon simultaneous!}' withdraws the instrument, passing the free end of the 
ligature about the vessel (Fig, 2). Due to its malleability the surgeon can easily alter 
the curve of the instrument as occasion demands. 

It is felt that this ligature passer may bo used to advantage in a number of situations 
(for example, thorax, pelvis) where the structures to bo ligated are deeply placed. 

Achnowledgment .—Our gratitude is due Mr. Meredith Laflamrae, of tlie Liquid Carbonit 
Corporation of Canada, Ltd., Montreal, for his painstaking craftsmanship in constructing 
several stainless steel models of the ligature passer. 
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Ofcratire Tcohniqur. —Expo^ro for the cmnbineii opemtion is ob(ninod tliroupli a lonp 
pofltcrolatcml Jneision, tlic proximnl limb Itcinp cnrricil aomcwlint hiplicr than in the usual 
incisioii for n pnoumnrKvtomy ulono. Aa rcrouimcndctl by Brock/ wo lunko the vortical limb 
of the biclaion close to the Rpinoua procoHsoi*. TIiIh pormita Iwth mialnp and closure of the 
trapezius and rhomlmid muscles ns a siitplo layer. Blood loss also appears to bo somewhat 
lees with this incision. 

The plouml cavity is entered throuph the pcrlostonl bod of the sixth rib, following 
resection of n penorous segment of this rib and the splitting of the Jlfth and seventh ribs 
paravertebmlly. The intervening intercostal nerves and vessels are doubly ligated and 
divided. The posterior aspect of the hilus Is then exposed as quickly as possible, the 
bronchus freed from the surrounding tissues, and a right angle clamp applied distally. 
Several 00 intestinal cotton sutures on nn atmamatic needle are then placed high on the 
bronchus. These sutures are tied over the bronchial stump as the bronchns is being cut 
proximal to the clamp. No mattress sutures have l>eon used in any case. This method 
of closnro allows a high amputation and permits the stump to retract deeply into the medi¬ 
astinum. In some of these cases It has l>eon Impossible to cover the bronchial stump with 
mediastinal pleura since complete parietal plourectomy was performed. The pulmonary 
vessels arc then treated in tlie usual manner, the arterj* being ligated and divided flrst, 
if possible, followed by the pulmonary veins. We have rarely used transflxion sutures 
distal to the proximal ligature in order to permit leaving ns large a cuff as possible. 

Following division of the hilar structures, the lung Is freed from its remaining attach¬ 
ments to the cheat wall and mediastinum. In so far ns possible, care is taken to avoid 
breaking into thln-walled cavities and over these nrens dissection was carried out in the 
endotlioraeic plane. This precaution particularly applied to large apical cavities. Bleeding 
from the raw chest wall has caused no problem since it is easily controlled by warm 
saline packs. 

The plirenlc nerve has been routinely intorrnptwl, l>e it a right or loft pneumonectomy. 

The patient's condition is carefully evaluated at this point, and if considered satis¬ 
factory, thoracoplasty is immediately performed. In no patient have we failed to perform 
the thoracoplasty as planned, because of poor condition at the end of pneumonectomy. 
Even after such a formidable procedure as pneumonectomy, the addition of thoracoplasty 
did not produce sliock or oven nn appreciable fall In blood pressure in any of these patients. 
It appears that performance of the additional operation at this time is not os shocking n 
procedure in itself as when performed over a closed and fairly rigid pleural space three to 
six weeks after pneumonectomy. 

The usual thoracoplasty consisted of resection of the second through the seventh ribs. 
Generous posterior segments were removed but did not include the transverse processes. 
In some patients the second rib was left Intact, but the intercostal strnctures were freed 
from the pleural surface and allowed to fall inward. It was our intention to preserve the 
normal chest and shoulder contours insofar os possible, and yet permit adequate oblitera¬ 
tion of the pleural space. 

Following thoracoplasty, the pleural cavity is thoroughly irrigated with saline and 
a No. 24 catheter insorted through a stab wound in the eighth intercostal space and pos¬ 
terior or mldoxillary line. The lutereostal structures, muscles, subcutaneous tissue, and 
''kin were next approximated with interrupted cotton sutures and n lightweight but snug 
dressing was applied. One gram of streptomycin and 100,000 units of penicillin were 
instilled through the cathet er, and the catheter clomped. In some of our recent cases no 
sttempt has been made to reapproximate the intercostal structures. It is questiouable 
whether this is a desirable procedure, and this will be elaborated upon later. 

hnrnedifite Postoperative Mfinagement .—^Following completion of the operation, the 
pfttient is immediately placed on his Ijack and tJie Irncheobronchlal tree thoroughly aspirated. 
^ none of the cases was postoperative bronchoscopy necessary. We liave abandoned the 
practice of routine postoperative bronchoscopy in this type of case as well ns after other 
®*jor thoracic operations. We feel that it unnecessarily prolongs anesthesia, and is no more 
riTective than .properly performed Intratracheal aspiration vdth a catheter. Wo do not 
^itate, however, to perform bronchoscopy on a patient should lie remain “wet" after what 
considered to bo adequate Intratracheal aspiration. 
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Minoi*^ in a recent article also stated: “When a thoracoplasty is performed 
over a closed pleural space containing air, or fluid, or both, a rapid mcrease in 
intrapleural pressure results. Highly positive pressure upon the heart and 
mediastinum produces a form of shock which may be rapidly fatal.” 

Our interest in pulmonaiy resection for tuberculosis is relatively I’ecent, 
and fortunately we did not have this complication in any of our earlier cases, 
In a limited series, however, we did note the more benign course of postthoraco¬ 
plasty resections as compared to those Avho had had no previous thoracoplasty 
This occurred despite the increased technical difficulties which often pmented 
themselves in a postthoi'acoplasty re.section. There is also the problem of the 
patient who refuses postpneumonectomy thoracoplasty, and who, by so doing, 
may deflnitely jeopardize his future Avell-being. 

It is beyond the scope of the present paper to discuss the indications for 
pulmonary resection. Obriously the main indication for resection in pnlmonarj 
tuberculosis is thoracoplasty failure, and this group is necessarily absent from 
this series. Seven of the combined operations here reported were performed for 
extensive unilateral pulmonary tuberculosis or tuberculous empyema. One vas 
perfonned for pulmonaiy cyst and lung abscess, one for squamous bronehiogeme 
carcinoma, and one patient had both squamous bronchiogenie carcinoma an 
active pubnonary tuberculosis (Table I). 


CASE 

PATIENT 

AGE 

(YR.) 

SIDE 

1 

N. P. 

33 

L 

2 

R. K. 

21 

L 

3 

F. A. 

51 

R 

4 

C. B. 

62 

L 

5 

A. G. 

48 

R 

c 

J. S. 

38 

L 

7 

C. E. 

62 

L 

8 

J. C. 

40 

R 

9 

10 

L. H. 

A. G. 

33 

35 

R 

L 


Table I 


INDICATION FOB RESECTION 


Far ndvaDced pulmonary tuberculosis 
Far advanced pulmonary tuberculosis 
Pulmonary cyst, lung abscess _ 

Far advanced pulmonary tuberculosis 
(preoperative diagnosis: carcinoma; 
Bronchiogenie carcinoma . 

Far advanced pulmonary 

Bronchiogenie carcinoma, pulmonary 

Far advanced pulmonary tuberculosis 

Far advanced pulmonarj' tuberculosis ^ 

Tuberculous empyema, pulmonary_ 


to t«'“ 


TECHNIQUE 

Preoperative Management .—Tuberculous patients receive streptomjcin gj^epto- 

weeks, and penicillin for twenty-four hours before surgery. The usual honrs 

mycin was % Gm daily. Premedication consisted of Nembutal gr. IVj, one an °gyj.gery. 
before operation, and morphine sulfate gr. % and scopolamine gr. Hoo one lour e ^ 

Position on Table, and Anesthesia .—^All of these patients were Cyclopropa''®’ 

face-doma position ivith the sound lung uppermost, as advocated by Over lo . pq the 

oxygen, and ether were the anesthetic agents used. The patient was put m nnesthefi* 

face-down table as soon as the intratracheal tube had been placed and the cour 
was proceeding smoothly. Intratracheal aspirations were carried out frequim othc^j 

The advantages of the fnce-do\ni position have been enumerated bj spread by 

certain features deserve re-emphasis. The le.ssened danger of con rn expofc^l 

vith which the bronchus can 


but certain features deserve re-emphasis. 

gravity drainage is obvious. The ease and rapidity wiui uiuv... — Pipt pat 

and occluded is also of extreme importance. It has also lieen our imp cardiac ar- 

operated upon in the face-down position show less tendency to 
rhythmias. To further combat the latter, intravenous procaine has j 
as a routine measure. 
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Caaf. 2,—R. K., ^liito mnn, npeil 21 ycmm, \ni8 ndmitted Mny 12, 1048, from nnotlicr 
facility wliorc lie Imd lieen hospitnliicd since Moy, 1047. Admission film rovcnlod extensive 
infiltration and cavitation on tlic left, and nn osscntmlly clear riplit lung. Bronchoscopy in 
January, 1048, had shovni modemtely w'vere tultcrrulons involvement of the left-stem bronehns. 
Streptomycin thempy In dosage of 1 Om. dnily for six weeks produced marked subjective 
improvement but roentgen findings f>orsl8te«l. 

Tomopmphy revenlcsl cn\*itntion In l>oth tlie left upper and loTver lol>es, one cavity Ijelng 
present anteriorly in the llngnlnr segjnent of the upper lol¥'. Total thoraeoplnsty was con¬ 
sidered but resection seeme/l prefemble. The combineil procedure was recommended. It 
should l)e noted tlint this jmtient oliserve«l the postopemtivo courhc of Case 1 closely, and 
then also reqnostetl tlie procedure himself, since he bitterly ilieliketl the prospect of multiple 
ojwmtions. 



1 (Caso 2).—Postopomtivo combined pneumoneotonij* and thoracoplastj'. Note that both 
the first rinO second ribs are Intact. 

Sfreptom\*cin, % Qni. daily, was started Aug, 19, 1948, and penicillin, 50,000 units 
^rj* three liours, on Aug. 21, 1&4S. T^ft pueumonectomy and thoracoplasty were performed 
^pt. 1, 1948. In this patient, the first and second rllis were left In situ and the third througli 
the seventh rilis were resected. The intercostnl structures were freed from the me<linl aspect 
of tlie second rib and allowed to fall inward. 

Postoperative nmnageiuoiit of this patient was exactly as lliat descril>ed and con¬ 
valescence was completely uneventful. Temperature remained normal from (he third 
postoperative day. Patient was up in a wheelcliuir ou the second postoi>erHtivo day and 
ambulant on the fourth iHJStoperatlve day. In regard to ambulation, it must lie mentioned 
that this imtient had liad a traumatic niid-thlgh umputntion of tlie left leg at the age of 
0 years, and ambulation necessitnted his wearing a ruther cumlwrsonie prosthesis. Cough 
and expectoration have been nonexistent since operation. Postoperative films showed a 
clear right lung and nt no time nny ovideneo of mediastinal displacement. 
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Tbo anesthetic agent is disoontinuecl during the skin closure, and a mixture of helium 
and oxygen administered. This mixture thoroughly removes the anesthetic agent from the 
lungs and facilitates the patient’s early reaction after operation. The intratracheal tube is 
replaced hy an oropharyngeal airwa}’ as soon ns the patient starts to react. Nasal oxygen is 
started immediately. Blood is administered during the operative procedure in amounts up 
to 1,500 c.c. and continued after operation up to 2,000 to 2,500 c.c. A 500 c.c. transfusion 
was usually given on the first postoperative day'. No unusual bleeding was encountered in any 
patient either during the operative procedure or in the postoperative period. 

General Postoperative Considerations. —The same general principles apply to tliese patient* 
as to others who have undergone major thoracic surgery. A few points will he emphasised. 

Semi-Fowler’s position and frequent turning were important to permit maximum 
pulmonary ventilation. Sedation in adequate amounts to control pain was necessary, and 
the patient was urged to cough and raise sputum at regular intervals. Coughing was 
greatly facilitated hy having the patient sit up and apply pressure over the operated aide. 
This could usually he started on the evening of the day of operation. 

We particularly noted that these patients can cough more efToctively in the early 
postoperative period than patients who have had pneumonectomy alone. This is attributed 
to the weight of the scapula and the pressure dressing over the decostalized area whicli 
render the mediastinum relatively' stable. 

Continuous suction of -10 cm. of water was maintained for forty-eight hours, except 
for a four-hour period on the first postoperative day following the instillation of 1 Oni. 
of streptomycin and 100,000 units of penicillin. These antibiotics wore again giien jus 
before removal of the catheter on the second postoperative day. 

Early ambulation is practiced and patients are urged to move about as 
possible after removal of the catheter and change of dressing on the second 
day. Sutures are removed on the sixth postoperative day and a pressure dressing is 
tained for two to three weeks, or until the chest wall has become relatively Ann. 

The following case reports are presented in sufficient detail to illustrate the efficn . 
the combined operation. 


CASE REPORTS 

Case 1.—N. P., colored man, .’l.T years of age, was admitted April Id. Idf'S 
prolonged hospitalization at another facility. Cheat film revealed extensive in pl,y 

multiple large carities on the left, and infiltration in the right upper lobe. 
revealed a questionable small cavity in the right upper lobe, so the left pneumonec 
deferred. Repeat tomography' two months after admission failed to demonstrate jjd 

of cavity in this region, and patient xvas prepared for surgery'. Bronchoscopy 
evidence of significant endobronchial tuberculosis. 

Streptomycin, 1 Gm. daily, was begun on July 5, 19JS, and ^tion, leh 

three hours, xvas started on July 13, 1948. After the usual preoperative p^^^ 
pneumonectomy and thoracoplasty were performed on July 14, 1948, in t e Con- 

Generous posterior segments of the second through the seventh ribs were post- 

valescence was completely uneventful. Temperature remained normal from jOO.4' ?• 
operative day and the liighest temperature recorded in the postoperative perio 
Bathroom privileges were allow'ed on the third postoperative day. rax wo® 

The wound healed per primam and excellent collapse of the left jo 

present. Postoperative films showed no mediastinal shift at any' time a 
evidence of contralateral spread. referring 

The patient, in excellent general condition, was transferred back to^ gjamination 
facility on Sept. 7, 1948. Sputum has remained negative by aU metho ® ^y^^gg pounds 
and pulmonary symptoms are absent. The patient has gained approxima e^^^ graduall.r 
in weight and posture and arm function are excellent. He is now in a pen 
increasing exercise preliminary to discharge. 
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Tills patient was Olsoharpeil from tlio reforrinp facility In January, 1949. 

As noted In this case mimmarj’, It wnn decided to lenvo the second rib in situ in this 
patient because of lits youth, and our dosiro to preserve normal nmi and shoulder contours 
in so far ns possible. This \ms nccomplisho^l, and at the same time adequate obliteration 
of tho plcuml space njipearcd to )>o accomjdishcd. This patient has pained fhirty-ono 
pounds since operation, and when last seen for follow-up examination In March, 1949, tho 
only noticeable deformity was tho incisional scar. 

Case 3.—F. A., white man, 51 years of npe, was admitted Aug. 3, 1948, ^vlth chief com¬ 
plaints of severe cough productive of 22 to 10 ounces of blowly sputum dally for three weeks, 
and weight loss of fifteen jHjunds. 

Tliero was a history of treatment in n Brooklyn hospital In 1942, for a right lower lol-W 
aliscess. He apparently completely recovered after five months' liospitnllintlon, although 
chest films also revealed the presence of a large right upper lolic cyst. 

ITls previous admission here was in October, 1940, when chest films revealed a huge right 
lower lobo nliscees and a largo right upper lobe cyst. Pneumonectomy ww considered but 
seemed too hatnrdous in view of the patient’s poor general condition, copious expectoration, 
and contralateral emphysema. "Wide-open drainage was therefore instituted in November, 1940. 
Itesidunl bronehoplcnml fistulas wore closed by a pedlcled muscle flap in March, 1947. Patient 
returned to full-time work ns a crane operator in May, 1947, and remained well until three 
weeks before the present admission. 

Cliest film on the present admission revealetl several sraall lower loljo abscess cavities 
and the riglit upper lobe cyst which fthowe<l no apparent clinngo from previous films. The 
right lung was contracted and the left lung moderately emphysematous. 

Patient was placed on ponlcillin by both intramaicnlar and aerosol routes with marked 
Improvement in condition, particularly in rci.luctlon of sputum output, lie ^m8 prepared for 
iurgery and on Sept. 8, lfr48, riglit pneumonectomy and thoracoplasty were performed. The 
lung was completely “froten'* to the chest wall and dlasoction was long and tedious. Despite ' 
this, tlie patient tolerated pneumonectomy extremely well, and l>ocQU8e of the barrel type of 
elicit, resection of long posterior segments of the second tlirongh the eighth ribs was necessary 
to prodaco sntlsfactoiy collapse. 

Convalescence was unerentful. Terapemlure readied n high of 101.4* F. on the second 
poetoperatlve day and returned to normal on the fourth day. Coogh and expectoration were 
negligible after operation. ^Yll 0 n ho was last seen for check-up examination, general condition 
vas excellent and the only complaint ^^•as moderate dyspnea on exertion. 

It wonld appear that in this type of case with contralateral emphj’sema, immediate 
thoracoplasty would prevent any further ovordistention of tho already hyperinflated lung, 
and thereby insure the patient's continued well-being. This case also lllustratos the fact 
that even after a prolonged tedious pneumonectomy, the addition of thoracoplasty appears 
to 1)0 well tolerated. 

Case 4.—C. It., colored man, aged 02 j-eurs, was admitted on Sept. 21, 1948, following 
«hort periods of liospitalliation at three dliTerent institutions since July 21, 1948. Chief 
wraplalnts on admission to first hospital were pain in left chest, cough, epigastric distress, 
and weight loss of tlilrty pounds. Cliest films revealed a large homogeneous density in the 
left mid-lung field. Sputa were negatB'e for acid-fast bacilli. He ^vaa transferred to a 
•^eond hospital where exploratory thoracotomy was performcil through an anterior approach 
on Ang. 12, 1948. Tho impression was inoperable bronclilogenie carcinoma with superimposed 
polmonary tuberculosis, the latter diagnoseil by biopsy of n peripheral nodule. No tumor 
biopsy utxs obtained. 

On admission to this hospital tlio findings were much as those previously noted. It was 
felt, however, tliat patient should be le-explorod In view of bronclioscopic and x-ray evidence 
of probable operability and failure to demonstrate any metostascs. Sputa examinations also 
eontlnoed to be negative for ncid-faat bacilli. Tho prooporntivo diagnosis was bronehiogenic 

tarclQon\a. 







Fig. 2 (Case 2).—Postoperative appearance three wceUs after combined pneumonec o 
and thoracoplasty. 

Fig. 3 (Case 2).—Same patient six months after operation. 






Fig. 4 (Case 3).—Preoperative film showing large right upp 
lobe abscess, and emphysema in the contralateral lung. „,inimal deforailtJ 

Fig 5 (Case 3).—Postoperative view of pi^ent abscess drab 

resectioii of the second through the eighth ribs. Previous scars from aos 
myoplastlc closure of bronchocutaneous nstula In 1946. 
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On Oct. 13, 1948, n rtglit imoumonectoinj* nud ri^?ht tliunicoplOKty were porfonnod nitli 
weetion of the third throuph the w?\'enth rilw, nnd Ptripplnp of the second rib. 

Immediate postoperative ronrse in this patient ^va 8 extremely satisfactory. He con- 
flnoed to do u-elJ for nlwuf four awks, after whirh he J>epan to run a low-pmde fever. 
Tlioracentesls yielded purulent pleural fluid. This failed to clear under antibiotic tlierapy 
and aspiration, and on Dec. 2, 1048, a tulte was insorte<l into the pleural cavity. At no time 
was a bronchial fistula demonstrated. On Dee. 30, 1048, an anterolateral thoracoplasty Tvas 
performed and a tube npaln left in place in tho pleural cavity. This tube was gradually 
removed in the ensuing two ^eoks nud the enipyoma cavity was completely obliterated. 
General condition continued to improve and patient was discharged on Feb. 7, 1940. 

It is difficult to explnin why this patient developed an empyoma four weeks after 
the oporntion, except that he may have had nn extremely small bronchial flsjula which 
promptly closed spontaneously. Suds a fistula, however, conld never bo detennine<l even 
by instillation of dye. If Is interesting to note that e%en though this empyema developed 
poftoperatively, it was very ensy to inml. In view of tho fact that major collapse of the 
right hemithorax Imd already Iseon accomplished, it was necessary only to do a small 
anterolateral thoracujdusty and institute tube drainage. It was plainl}* evident in this 
patient that we had not rcmove^l ns long segments of rib, pnrficulnrly ns regards the third 
and fourth rilis, ns on the earlier patients. . 

Caj>k 0.—J. S., colond man, ngetl 38 years, wru ndmittrsl Nov. 4, 1948, foi* surgical 
therapy of extensive pulmonnty tulierculosis of the loft lung. Onset of disease aim in 
March, ims. From July 11 to Aug. 10, IP4S, patient received 04 tlm. of streptomycin wltli 
little improvement. Admission .x-ray examination at this hospitol revealed extensive 
cavitation, thickened pleura, nnd posslldy picumi cfTusjon on the left. Tomography re¬ 
vealed no evidence of caNatation on the right. Uronchoscopy icvealod no significant endo- 
luDnehial disease. 

After the usual preparation, left pneumonectomy and tlforacopJasty were performed 
nn Nov. 30, 1948. The lung was found lo be boggy and firm in consistency throughout, 
and completely "frozen" to tho chest wall and pericardium. Pneumonectomy necessitated 
complete parietal plouroctomy nnd partial perlcnrdiectomy. Despite a prolonged tedious 
operation, thoracoplasty was imraodiatelr perfonnod, the patient tolerating both pro¬ 
cedures extremely nvoII. Despite gross contamination of the pleural cavity at the time of 
operation (the lung literally exuded pus nnd there were pockets of pus between the lung 
and pericardium) there was no postoperative Nvound Infection, or infection In the pleural 
cavlt)'. The right lung remained clear, and eputa have boen negative for tubercle bacilli 
l*y all methods since operation. His present general condition is excellent. He is gaining 
weight and posture nnd arm function are good. 

This pneumonectoinv wnfl probably the most difiicnlt technically of all the coses in 
this series. Itemovol of the lung NNuthont contamination of tho pleural cavity wos im¬ 
possible. Here, again, despite n prolonged dlfllonlt operation, the patient tolerated the 
addition of thoracoplasty extremely w’ell. It Is felt that the addition of the thoracoplasty 
greatly enhanced his smooth postoiKjratIve course, and lessened tlie likelihood of Nvound 

complications. 

Cask 7 .— 0 . F., white man, aged 02 jtJnrs, was admitted Nov. 10, 1948, Nnth chief com¬ 
plaints of hemoptyses, cough, and weight loss. Onset of present illness dated back tw'O 
rears, when patient first noted cough and homoptyees. He continued to feel well except 
for the hemoptyses. Chest roontgenogmms were negative, nnd careful examination at 
that time for ncid-fast bacilli was negative. Ho remained fairly Nvell until about four 
months prior to admission when he first noted extremely poor appetite nnd beginning 
loss. Dj'spnea also appeared which had not been present before. 

Three weeks prior to admission bronchoscopy Nvns done at a private hospital in Alan- 
hattan and no significant findings were noted. His physician then advised hospltallMition 
for further observation. 
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Tlioracotoniy was perfonned through a posterolateral approach on Oct. 7, 1948, A large 
firm mass involving both upper and lower lobes posteriorly was found and this uns densel; 
adherent to the chest wall and aorta. The hilar structures, however, were free of nodes aid 
tumor involvement, so left pneunionectom 3 ' was performed followed by immediafe thoracoplastr 
as described. Again the second rib was left inbict. 

Convalescence was completely uneventful. Temperature remained at normal lerek 
after the fifth postoperative clnj' and the patient was ambulant after the second postoperatire 
day. 

The pathologic report revealed e.x'tensivc caseous pulmonary tulrorculosis involving nlwut 
one-half of the pulmonarv parenchyma. No carcinoma was found. 



FIff. 6, FIK' I* ^ racof- 

Fig. 6 (Case 4).—E.vtensive lesion left nildlung field. Had 
omy at anoUier Institution with diagnosis of Inoperable carcinoma and “ njajtj'. Note 

Pig. 7 (Case 4).—Postoperative combined pneunionwtomy stripped on it* 

excellent collapse despite presence of the first and second ribs, tlie latter \ 
pleural surface. 


This patient was returned to the referring hospital shortly after operation; an 
present time is on a program of graduated exercises preliminary to discharge, 
continued to remain well and has gained in weight and strength. Posture an a 
are excellent. 


Case 5.—A. G., white man, aged 48 years, was admitted to this hospita 
complaining of cough and chest pain for approximately two weeks, and also 

about four days prior to admission. There was a history of moderate ’ 

liistory of several episodes of hemoptj'ses within the few daj'S prior to admission. 

Patient was acutelj' ill on admission with considerable dj'spnea and signs fhe 

in the right lung. Bronchoscopy on Oct. 2, 1948, revealed a tumor mass jjronehu* 

dorsal segment of the right lower lobe and completely blocking the right nu 
also. Biopsy revealed squamous-cell carcinoma. 
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fpota have remained nepntivo for acid-fant Imcilli. He is now on a program of increasing 
activity at the annltorium where ho was tranaforred follovring operation. Prolonged con¬ 
valescence because of the tuberculosis in not indicate<l, since the pathologic report revealed 
the hilar nodes to be involved with tumor, making his ultimate prognosis poor. 

It would appear that wo wore extremely radical in performing an extensive thoraco¬ 
plasty on a patient with carcinoma who was not In the best phj’sicnl condition. However, 
the bronchial closure in this patient did not appear to be satisfactory, and could not be 
made so Ivocnuse it was amputated cxtromrly high and the tissues appeared to bo friable 
from chronic inflammation. Even in this elderly patient, posture and arm function fol¬ 
lowing this procedure are excellent. 



nff. 10 (Ca*o 7 ),—Poatoperattve vlev of patient showing excellent arm and shoulder function 

Cmje 8 .—J. C., colored roan, aged 40 years, was admitted Jan. 18, 1940. There ^\■a8 a 
hlstoty of being well until April, 1048, at which time he experienced generalized malaise, 
weight loss, and developed a productive cough, later associated with hemoptyses. He was 
hospitalized at another facility where x-ray examination revealed extensive tubercnlosis 
involving the right long. Right pneumothorax wna attempted without success. 

Chest film and tomography on admission revealed multiple cavities in the right upper 
lobe and extensive consolidation and questionable cavitation in the lower lobe. Bron¬ 
choscopy revealed endobronchial disease involving the right upper lobe bronebus. 

Following preliminary' streptomycin therapy, right pneumonectomy and right thoraco¬ 
plasty were performed on Fob. .1, 1040. Complete extrapleural dissection wns-neccssary 
over the entire upper half of the lung. Following pneumonectomy, a thoracoplasty was 
performed, with resection of the third through tlie seventh ribs; the second rib was stripped 
medially, and the intercostal structures allowed to fall Inward. Here again no attempt 
Was made to approximate the intercostal structures. Operation was completed in the usual 
fashion and patient withstood both procedures extremely well. 

This man's convalescence has been considerably more stormy than the preWous 
patients, with chief complaint being dyspnea. No signifleont shift of the mediastinum 
^ been observed on any films and the left lung has shown no evidence of spread. How- 
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Physical examination on admission revealed a chronically ill man, with evidence of 
considerable weight loss. There was evidence of consolidation over the left upper lobe, 
and this was confirmed by x-ray examination. Bronchoscopy on Nov. 18, ]!I48, revealed 
marked retraction of the left upper lobe bronchus but no tumor was seen. Bronchoscopy 
was repeated on Dec. 6, Ji)48, at which time examination with a right-angle lens revealed 
a tumor mass within the left upper lobe bronchus. Biop.sy was obtained which revealed 
squamous carcinoma, grade 2. It should bo noted that sputum examinations were con¬ 
sistently positive for acid-fast bacilli after admission to this hospital, but that the i-ray 
picture and clinical course were so characteristic of carcinoma that exploration was con¬ 
templated despite the persistent presence of acid-fast bacilli. 



FIp. 8. 


Flp. 9- 

Fie. 8 (Case 7).—Preoperative film extensive 

positive for acid-fast bacilli. Positive bronchoscoplc biopsj squani 
lobe bronchus. , thoracoplasty- 

Fig. 9 (Case 7).—Postoperative combined pneumonectomy an 
amount of fluid still present In residual pleural space. 


After the usual preoperative preparation, thoracotomy was g^pgfior po'" 

1948. The tumor mass encroached upon the hilar region, particular y m Sev- 

monary vein, but intrapericardial ligation of this vessel greatly faci i 
eral nodes were removed from the mediastinum and subaortic region, aloosl 

be involved in carcinoma. The wall of the bronchus also appeared to closuf® 

up to the Carina, and an extremely high amputation was necessary. -yas decide^ 

extremely difficult and was not as satisfactory as desired. 1 fl^nv probable postoper®- 

to perform a thoracoplasty, immediately, in the hope of lessening 7 j-gj-jor segmeata oi 
tive pleural complications. To secure adequate collapse, stripped on 

the third through the eighth ribs were resected and the secon n i (jjj-ectly over 
medial surface. The intercostal structures were then allowe to ggps. 

mediastinum and no attempt was made to approximate the upper an after renio'n 

Postoperatively this patient did extremely well. He was ^^^yg tenipemf''®® 

of the tube on the second postoperative day, and the highest strength, 8“ 

was 99° F. His present condition is excellent, he is gaining in 






n'ERSOX AND SkI.VXER; J*NEU3!0yECT03lY FOLLO\\"ED nV THORACOl^L.iSTV 503 


the same type of material which wna ai^pimted from tho pleuml cavity. General condition 
became progre^idvoly worfc, appetite dccrcnBod, woipht dropped approximately uliteon 
poundi, and he noted dally tcnipemluro olevationa. 

On admiwion to thlp hospital x*rny examlimtion revealed an extreme collapse of tho 
left Innp and the plctiml cavity fille<l with fluid. Aapimtion yielded ^'rosaly purulent fluid 
which waa hiphly positive for acid-fast bacilli. 8pntn examinations were persistently jmsl- 
tlve for tubercle bacilli. 

Tomopmphy failed to reveal evidence of cavitation in the rlpht lunp and after pre¬ 
liminary' streptomycin therapy, left pneumonectomy and left thomcoplasty wore performe<l 
on ^^a^ch 14, TWO. Convalescence to date lina been extremely satisfactory, althouph it is 
ns yet too early to make any final jiredletions. 

BCMMARV 

Ten pntients who linve unrlcrpono totnl pneumoncetoiny nnd rntlier exten¬ 
sive thoMeoplnsty nt n single operation, hove hoen iiresenteil, together with n 
lirief deseription of the opemtive proeeeluro nnd n few iiertinent detnils of pta- 
and postoi>emtive nmnngenicnt. It woidd nppenr that this eomhinerl procedure 
lins its chief ndvantngc in the jintients with puhnonnrx- tnherenlosis mpiiring 
pncinnonectoni.v, in whom overdistention of the eontralntcrnl lung is particularly 
undesinihlc. We have extended indications for the procedure to iuohidc other 
patients in whom it would apitoar dcsimhie to follow pncumoiicetomy tvith n 
thonicoplnst.y, in pnilieular those with eoniraintoral cmi)hysenin or those patients 
in whom posfopemlive pleural eomttlicntions might lie exi>eetcil. 

Our oxpcricnee .seems to indicate that the tlioraeoplnsty may safely he per¬ 
formed upon completion of tlio inioumoncelomy, if proper attention is given to 
supportive therapy nnd certain operative detnils. The ncecK.sity for onl.v one 
operation and the lessened hospital stay are particularly desirable. 

Although wo did have one hroiiehial Ustnla oeenrring in this scries, it would 
appear, theoretically at lea.st, that prompt obliteration of the pleural space should 
greatly lessen the dungci's of In-oiieliial flstiiln and emp.venm, Imth as to their 
incidence nnd their ti-cntmcnt, should they oeeur. 

Our olwcrv-ntions of these eases also .sccin to indicate that disturlianees in 
respirator}- physiolog}' nie Ic-ss marked than after ])ncumonectomy wliieh is not 
followed by thoracoplasty. Decostalization of the chest wall of sttfflcicut degree 
to permit the scapula to fall inward and the supplementing of this with a pres¬ 
sure dressing appears to render the mcdiastimini relatively stalilc. By the same 
token the coughing nicchanism of the patients in the immediate postoperative 
I>eriod appears to be onhnuced. 

The TKisturc nnd arm function of these pntients appears to Is; sui-prisingly 
B<wd. In patients who have gained weight follosving the iji-ocedure, little de- 
formit}' is present. 

There has been no moriality in any of the jaitients upon whom this conihincd 
procedui-e has I;een used. 

BKFEBKXOES 
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ever, he has continued to require the occasional use of nasal oxj'gen, particularly at night. 
He has been afebrile since shortly after operation, and aspirated specimens from the right 
pleural cavity have failed to reveal any evidence; of growth, either acid-fast bacilli or 
secondary organisms. His general condition has remained good and it is felt that thh 
patient will eventually make a good recovery despite the dyspnea now pre.sent. It is 
probable that bronchospirometric determinations prior to operation in this patient wonlil 
have revealed considerably more loss of function in the so-called good lung, than was 
estimated prior to surgery. 


Case 9.—L. H., white man, aged 33 years, was admitted Jan. 13, 1949. There waj a 
history of pulmonary symptoms since January, 1947, but patient did not seek medical 
attention until the sprung of 3948, when progressive weakness, hemoptyses, and marked 
weight loss occurred. He was hospitalized at another facility where x-ray e-xaminatioa; 
revealed bilateral infiltrations with multiple cavities in the right upper lobe and probably 
in the apex of the right lower lobe. Right pneumothorax was initiated in iMay, 1948, fol¬ 
lowed by right pneumonolysis in .Tune, 1948. Despite a complete prieumonolysis and excellent 
collapse of the right lung, cavities failed to close. In addition, the patient was eitremeh 
uncooperative and left the hospital against advice, after a few months. He was admitted 
to another hospital in August, 1948, where pneumothorax was continued, and despite a 
fairly stable clinical course, patient failed to convert sputum, and cavities were still evident. 

Examination on admission revealed a chronically ill white man, in no obvious distress. 
Rather extreme collapse of the right lung was present, but cavities were evident exen on 
plain films and tomography revealed multiple cavitations in the collapsed lung. Sputnni 
was positive for acid-fast bacilli. Bronchoscopy on Jan. 19, 1949, revealed no e\i once 
of active tuberculous ulceration but there was some narrowing noted in the orifice to e 
right middle lobe, which was interpreted to be due to a healed tuberculous process. 


right pneumothorax showed no tendency to re-expand. . 

On Feb. 16, 1949, right pneumonectomy and thoracoplasty were performed 
manner described, with removal of the second through the seventh ribs. The m 
structures were loosely' sutured against the posterior chest wall, but were not nppeon 
at the site of the rib resection. 

Postoperative management was similar to cases previously described. Th® ^ 
diate course was extremely satisfactory, but two weeks after operation the .j 

veloped sigpjs of a bronchial fistula and coughed up clear serous material from 
pleural cavity'. On March 3, 3949, through an anterolateral incision, anterior 
the second through the fifth ribs were resected, and the pleural cavity openc 
the periosteal bed of the third rib. The residual pleural cavity was found 
was covered with clean granulations, and contained a small amount of clotte ^ 
a small amount of amber fluid. Despite the previously noted clinical presence 
chial fistula, there was no visible evidence of one even on careful 

of the bronchus seemed impossible since it had retracted so deeply' into xhe 

A No. 24 catheter was inserted and brought out through a stab wound 
wound was closed in the usual fashion and a pressure dressing applied. jinve 

from this procedure has been extremely' satisfactory', and cough and expec^ J^iniDlal■ 
progressively decreased until at the present the amount of sputum raise i 
Sputum has continued to be negative for acid-fast bacilli since 


legativi 

cipated that the catheter can be removed completely in the next two 


iQ 4Q Tlicrc ^ 

Case lO.—A. G., \vhite man, aged 35 yetirs, was admitted Jan. 10, 1 ■ jIjotuco- 

history of tuberculosis since January', 1938. In 1939, he had a small upper s^u 
plasty, and for reasons known only to the doctor under whose care he opei^' 

pneumothorax was instituted following the first-stage of thoracoplasty, am 
tions abandoned. Pneumothorax was apparently' successful and yoveniberj 

in 1940, continuing the pneumothorax on an outpatient status. He felt we '' gavit.v 

1948, when he developed weakness, exertional dy'spnea, and cough. '® coughed up 
was aspirated by a private physician, and the patient later noticed t la 


FUNNEL CHEST AND ALLTBT) DEFORMITIES OF THE 
THORACIC CAOE 
CiiARi-ES W. Lester, JI.l). 

New York, N. Y. 

F unnel chest is not a parUTOlavly nncommoii deformity and a definite 
number of those dLsplaying it are severely incapacitated hy it. Tlicre is a 
coDsidemble literature on the subject datinp back to the sixtccntli century, 
admirably reviewed hy Oclisner and DeBakcy' in reporting a case. The etiology 
was obscure and the surgical treatincnt unsatisfaetors-, liowever, until Bromi’ 
recognized a short central tendon of the diaphragiu ns tlic cnu.se of tlic deformity 
and dcseril)ed a .surgical method for its correction. During the past five years 
we have seen a gieat many of these cases and have oimratcd upon 31 of the 
patients. 

The deformity is produced liy a short central tendon of the diapluagm 
which fiattens the dome of the rela.ved nuLsele so that when the muscle contracts 
during inspimtion the lower end of the sternum, to which the diaphragm at- 
tnehes, is drawn Itaekward causing, in time, a funnel-shaped deformity of the 
cliest wall who.se apc.x is at the xiphoid. The deformity may be symmetrical or 
na,xsnmctrical and its character is detorminiHl hy the ])ortion of the central tendon 
which is aliortest (Pigs. 1 and 2). It may be eonsideml under three heads: 
first, that produced by the direct inill of the diaphragm on the xiphoid and 
costal arch; second, that which appears elsewhere on the thoracic cage as a 
result of tills pull; and third, the abnonnalities of the orgnn.s within the chest 
a.s a result of the deformity of the thomeic cage. 

MHion the mid-portion of the central tendon is shortest the xiphoid and 
lower end of tiio sternum will he retracted so that the stcmimi curves haekward 
from the second segment to the xiphoid, where the depression is greatest. The 
costal cartilages are also drawn Imckw'ard by the letraction of the sternum. 
This applies not only to the .single cartilages hut also to the fused cartilages 
forming the costal arch. The result will he a s.vmmetricaJ funnel (Pig. 3). 

If the diaphragm is short in the lateral leaflets ns well ns in the mid-poilion 
of the tendon there will he a direct pull on the costal arch as well os on the 
uphold, and in addition to the funnel there rvill he a transverse groove across 
the anterior chest wall below the xiphoid. This resembles the Harrison’s groove 
of rickets, although rickets has nothing whatever to do with funnel chest (Pig. 

■f). 

If one lateral leaf of the diaphragm is shorter than the other the deformity 
will be asymmetrical wth the ma.ximum depi'ession on the side of the greater 
shortening. This will cant the sternum toward that side as well as retract its 
lower end (Pig. 5 ). 

If the shortening is in the lateral leaflets and not in the mid-portion of the 
central tendon there wll be a groove without a funnel and it wiU he unilateral 
or bilat eral depending on whether one side or both are short (Pig. 6). 

Si,st the Twont>--nInth Annual llontlnc of The Americnn Aeeoclatlon for Thormclo 
‘"Terr. New Orlcane. La.. March IS-31, ms. 
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out several -n-eeks following pneumonectomy. Wo believe now that thoracoplasty not onlv 
should be done early but that it should be more complete than the operation Tve have 
carried out previously. We feel that the first rib should be removed and that, althoagh 
it probablj' is not necessary to remove the transverse vertebral processes, the proceduie 
should be carried down low enough to accomplish complete obliteration of the pleural 
cavity on that side. 


DE. GAEL SEilB, Oslo.—Taking advantage of being now a member of the Assoda- 
tion, I should like to mention something about the combination of resection and thoraco¬ 
plasty. From a theoretic point of view, ns has been pointed out by others today, it is 
of great importance to perform a thoracoplasty to reduce the thoracic cage according to 
the resected part of the lung; the remaining part of the lung should not be distended. 
Thus in a prolonged resection and a prolonged thoracoplasty on the lower lobe we may 
do it with a phrenic nerve avulsion or with total resection and total thoracoplasty. 

I have usually started with thoracoplasty in cases of tuberculosis because of the effi¬ 
ciency of the thoracoplasty under different conditions; especially where there are indica¬ 
tions for lung resection with bronchiectasis we have, ns Dr. Sanger pointed out, a very 
good effect with thoracoplasty if there is a total bronchiectasis. If we start with thoraco¬ 
plasty we have the chance of being able to cure, or nearly cure, the patient without doing 
resection of the lobe or the lung afterward. When we have started with thoracoplasty, 
this does not usually cause difficulties so far us later resection of the lung is concern , 
and it is not much more difficult than usual. The main indication for thoracoplasty is, 
I think, in such cases to start with thoracopdasty and afterward do a resection. 


DE. SiaNNEE (closing).—I wish to thank the members for discussion of this presen¬ 
tation. I would like to emphasize two points, first, this procedure is not quite so fornu n 
as it may at first appear. In none of these cases have we incurred any degree of s 
following the thoracoplasty procedure. Of course in all these patients a care u 
has to be taken with the anesthetist to evaluate their condition before proceeding 
thoracoplasty. I might say tlint three of the patients were not particularly goo 
they had massive empyema and complete extrapleural dissection was necessary, w ic^ 
quite long and tedious; iu one the operation lasted more than five hours. jjgg jd 

thoracoplasty does not take more than 20 to 30 minutes. The other point I 
make is concerning the care of complications. One patient had a ^yerv 

and one had an empiy^ema pocket. The ease with which fhe.se were handlei an 
little discomfort to the patient, if compared to a case without tlioracoplnsty, is^^^ 
able thing; either one could have been of major consequence. So we ee 
advantage of the procedure. 
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Tlio second clnss of deformity is tlmt rcsiiltinp from tlio alteration of tho 
ribs and vertebral colninn liecnusc of the funnel sternum. The pull of the 
diaphragm seems to exasperate the normal curve of the dorsal spine giving the 
individual a round-shouldered appearanee and also making the funnel seem 
deeper. In addition the downward slant of the ribs is increased, thus making a 
long and narrow chest with diminution of lioth the anteroposterior and lateral 
diameters (Fig. 7). This gives a characteristic appearance to the roentgenogram 
and is an important eonsiderntion in predicting the result of corrective surgerj-. 

The structural changes in the bony thorax can be expected to produce 
some effect on the thoracic organs. The lung is somewhat compressed hut this 
is a minor disturbance and seldom amounts to more than 25 per cent reduction 
of the lung volume. It may also Is? distorted and it is possible that the respira- 
torj- infections to which these patients are unduly susceptible may lie explained 
on the hn.sis of defective bronchial drainage due to this distortion. The breathing 
is paradoxical to the extent tlmt the lower end of the sternum and costal arch 
are ratracted backward during inspiration and move outward during exhalation. 


Elc. S. 


A. 

—A, Funnel chcjrt In boy ID year* of ano. 


D. 

B, Funnel cheat In jrlri I years of age. 




The heart is the oigan most effected by tho deformity. It is displaced to 
the left, often to such an extent that the apex is in the axilla, and is also com¬ 
pressed. This compi’cssion interferes with tho dilation of the heart necessary to 
accommodate the increased blood flow associated mth muscular activity and 
hence may have a profound effect on the patient’s exercise tolerance. Dyspnea 
associated with funnel chest is due to cardiac restriction and not pulmonary 
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of ^sternum P normal position. First broken line It 

line Indicates position when inid-portlon of tendon only. Second brol 

»nen lateral leaflets arc also shortened. 
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coniprossion. A syslolic immiiur is also comnioii niid many of these patients 
arc treated for eaidiuc disoattc which docs not exist. Electrocardiographic 
chaugCH arc iwinl but tJioir sipnidennee is not im«lerstood and they arc now 
thetnil)jcct of invc-sligalion. 

Obviously n deformity of tins sort will alter tlie ap|M?nraiiee of the breasts 
in the postadolcsccnt female. If the deformity is s>Tnmotricnl the breasts may 
seem larger because of the deepciving of the pri>ovo between them. If tim 
deformity is asymmetrical one bi*east will be in a depression and hence will 
appear smaller (Fip. 5). In two enses of this sort the de])resscd bifast m'hs 
actually smaller and its elevation to the level of the otlier luvast did not entirely 
satisfy the omicr although it did materially doci'ensc the deformiri'. 



Fill. 0. Fiff. 7. 

Flff. I, —Tmnsverso groove wlthont funnel chest depression In boy 4 years of ate. 

F'lS- "•—Hoejitpenogrsm of chest showing sbnomial downward slant of riba, narroning 
oi inorar. Increased bronchial marking*, and dlsplncoment of heart 

Nearly all the patients with obvious funnel chest are also nndcnveiplit. 
This, together nitb the round-shouldered, narrow-clicsted, and funnel-chested 
iippearaucc of tlio individual, gives liiin anything but a robust figure. The 
deformity is least at birth and increases with the gitjwth of the child. It first 
affects the lower stcnuim and adjacent cartilages hut sooner or later involves 
the ribs Rud vertebrae to produce disfoiiion of the l>ony cage. Therafore, the 
lime to coLTcct the deformity is before it involves bony Btructures other than the 
*leruam and thus becomes ii'reverBible. 

The indications for operation are physiological and psychological. In the 
extreme ease with greatly limited activity and defective physical development 
Ihere can be no question os to the nd\Tsability of operation. "When the exerdse 
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rotrncted latcmUy. The pcftomUa major mu«:Icfl ore wpamted from their eternal attach¬ 
ments and llkewif »0 rctmct^hl. The rectus abdominis muscles nro split lonpitudinally through 
sheath and muscle to expose the costal nrcli (Fig. S). Because the costal arch Is narrow 
and tlie sides dmmi towards the mldllno by tlio deformity an adequate exposure can be 
obtained without undue retraction. The cartilages aro resected subperichondrially and this 



Flc. 8.—Radical operation. Exposure for resection of cartllafe*. In the right half the 
ywortll* major has been separated from tho sternum and retracted exposlnir the Individual 
cartllanes below tlie second. The rectus abdominis has been split and retracted to 
lu KO ? costal arch, the narrow arch mahlng this exposure possible. Incision shown In 


^ a slow and te<licras procedure wlilch most 1>6 done with great care to avoid tearing tlie 
pleura. The perichondrium is left so that tlie cartilages will regenerate. Tlie wedge osteotomy 
1* done with a araall hand skull saw and a cliiael. Stainless steel wires, 22 gauge, are used 
instead of silver becanao they aro stronger. In a large boy or an adult one or both wires 
•ijoold be double. 
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tolerance is only moderatelj^ decreased, operation is also iadicated. If the 
defonnity is first noted in infancy and does not decrease with age, or kcomes 
more pronounced, surgical intei-ferencc is still ad^^sal3le to prevent an irrever¬ 
sible deformity. Furthermore, although there is no apparent decrease in the 
exercise tolerance before operation, because the patient has never known any¬ 
thing different, be "will realize after operation that a limitation did exist be¬ 
cause he can then exercise more. The patient with moderate defomity without 
functional disturbance will not be benefited by operation except for psjThological 
reasons. 

The psychological aspect of the situation is of great significance. The girls 
do not pay much attention to the deformity until their breasts begin to develop 
and they start to wear a brassiere. Then thej^ become conscious of it. The boys 
notice their deformity earlier probably because they run around unclad with 
other boys who take delight in calling attention to any deformity with derisi\e 
language. Many cliildren take this teasing without trouble but others cannot 
and they are entitled to a corrective operation. 

The operative procedures have been described by Brown^ and we’ have 
reported on our modification of them. A simple operation to be used on infants 
consists in separating the xiphoid from the sternum and allowing the diaphragni 
to pull it back. Tlfis is done through a longitudinal incision over the lower en 
of the sternum and adjacent abdomen. The xiphoid is hidden by the caiti ages 
of the costal arch which are drawui together by the deformity and it is nece^U 
to resect the apex of the arch to expose it. The xiphoid is then detached w™ 
the sternum by a transver*se incision which enter's the ventral mediastinum^ 
thus severs the substernal ligament, a prolongation of the Imea alba a oUn ® 
under surface of the stenrum. The diaphragmatic attachments to the arc i ni 
immediate vicinity are then pushed off and the w’ound closed. 


The radical operation must be used in all instances where the deformity^ ® 
and that will probably be in all patients more than IG montlis old. The prM 
use has been developed by a process of trial and error. Since the costal carti 
second are responsible for the deformity ns well as the sternum, they must e 
laterally to the point at which the backward curve commences. The cartilages o 
arch must also be resected to the point at which the backward curve 
enough to take in the lower border of the transverse groove, if this exists, ^' ' ,jijg g), 
the third to the eighth or ninth cartilages—something we did not realize a re ^ 

The xiphoid is then detaclied from the sternum, the ventral mediastinum en ggparate 
loose tissue pushed off the posterior surface of the sternum. No attempt is is 

the substernal ligament from the sternum ns its division, when the sternal 

entered, is sufficient. A trnsverse wedge osteotomy is then done across sternum 

segment through the anterior table only, leaving the posterior table jhie. 

is elevated to a normal position by producing an incomplete fracture o .j^ixes 

pairs of holes are drilled in the lower end of the sternum ^ 0 nds of 

tlireaded through these holes across the back of the sternum (Fig. tlie wound 

wires are brought through the skin and muscle on each side on the wires whose 

closed. The elevated position of the sternum is maintained by tr chest, 

ends are then fastened into an external appliance placed transverse) A 

Some of tlie technical details of the operation need further e uc ^ point 

tudinal midline incision is made from the level of the second stem se ^p and 

about 4 cm. above the umbilicus. The skin and subcutaneous tissues 
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Tho ladder is left on for two weeks. By this time the chest wall has stiffened 
lufflelently so thnt laradoilrnl brentliing will not Inke plnro eiccpt during forced respimtion. 
If the patient hns n congli or is a screnming cliild it will bo snfer to leave the ladder on a 
few darfi lonpcr. 



Me. 10.—Tliree ilzes of ladder. The lanreet U shown on lU ildf to demonstrate the curve. 



PIk. 11,—Photograph of a patient after operation with ladder In place. 


Thin operation will sufBco in most cases. When the only deformity is the 
prominence of the lower margin of the transverse groove, this can better be 
corrected by resecting the prominent cartilages or ribs and allowing the chest 
■"'all to sink to the level of the groove, rather than by trving to elevate the 
depression. If there is also some pull on tho xiphoid, this hone should he 
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The external appliance (Fig. 10) was evolved from Brown’s ladder and has prove! 
more satisfactory. It is made of duralumin and curved so that the central, fenestrated 
portion is higher than the ends, thus permitting overcorrection of the sternum. The small 



Fig. 9.—Radical operation. The cartilages have be^ tap'outer table 
and allowed to retract, the wedge osteotomy completed Insert e*’°''?,prnuni 

third sternal segment, and the wires threaded- through tlie drill n - the s 

brought out through skin on each side of the Incision -which lias 
elevated by the wires and the wires twisted Into the ladder. 


which to wind the mrcs. 


This pe' 


rfflits 


aheninf 


transverse bars at the ends are used as cleats on ^gas 

loosening or tightening of the traction, should either lie necessary, and conta^* 

of the wires which occurs when they are tw-isted together. The ends o > 
with the chest wall should be well padded (Fig- H)- 
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The radical operation performed on patients Ixitweon the n(res of 2% and 
41/2 years has given tlio Iicst results (Fig. 13, fJ). After 5 veal's of ago, and 
sometimes earlier, ])cnnnncnt changes in the iiony structures have developed 
which cannot Iks ontirely correeted (Fig. 13, A). However, ojiei'ntion can bo 
done at any age with the aa.surancc that it will i-eliovo pi'cssure symptoms and 
probably bring about an SO per cent cori'cetion of the deformity. 

The complications chamctoristic of the operation are not many but are 
important. The first and most usual is pneumothorax. The perichondrium is 
so adherent that it is extremely difficult to separate it from the under side of the 
costal cartilages without tearing the pleura somewhere. The complication is not 
serious if recognized, even though it may be bilateral. If the opening is too 
small for the anesthetist to inflate the lung, the air ean be aspirated after the 
wound is closed and there need lie no sequelae. 



- Postoperative result In patient with IrnjverFfble chtingeji (Flc. 3, X), Ster- 

‘■•‘rtr wen elevated In jipite of breakln/r of wire* on second poBtopomtlve day but narrow, 
thorax unchans^. B. Poatopomtlve ranult In child 2 year* of ajfc (Flff. 3. B). 
well elevated and Uerormlt)’ corrected because Irreveralble changes have not yet 


Breaking of the -ivires in the early postoperative period is a distressing cir- 
eomstance with serious posslI)ilities. If it linppens in tiio first few days after 
operation the resulting parado.xical respiration with tlie atelectasis and pneu¬ 
monitis whicli usually follow may ho dangerous in the extreme. If it liappeus 
later in the course it is not as serious. Heplacement of tlie original silver -wire 
"atli two of stainless steel has done mncli to eliminate this complication. 

Infection has not been a troublesome problem. In the days before anti¬ 
biotics wo had three instances of serous drainage which persisted for about one 
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detached as in the operation for infants (Fig. 12). Operations of this sort are 
done for cosmetic reasons and, as the deformitj' varies with the individual, 
should be planned to fit the case. 

After operation the patient is given oxygen by means of tent, mask, or 
catheter. Pneumothorax is a common complication, often imrecognized, and 
whether or not it is present, the more quiet respiration which oxygen permits 
is grateful to the patient. Although there should be no great loss of blood, the 
operation is apt to be long and a blood transfusion during the operation is a 
good precaution. After operation it is advisable to have a portable roentgeno¬ 
gram taken. Any pneumothorax which it may disclose is corrected at once by 
aspii’ation. The position, both in bed and when allowed up, should be one which 
mil correct the exaggerated dorsal curve that is characteristic of the deformity. 
















Pig. 12.—Individualized operation (Pig. 4. A). PronilnencM Incision, 

through lateral Incisions and xiphoid detached through 


In an 


The optimum time for operation is the subject of many ^ 2 

earlier communication® we advocated the simple operation in c re 
years of age but our late results have been disappointing. ns 
when the next pair of cartilages has been resected and the stemii ^ 
Follow-up shows that, although the lower end of the sternum relicve^i 

during inspiration and any pressure on the thoracic organs as jjjj^jnished 
the deformity still peraists to a greater or less degree and ^ gliild fo’’ 
very much during three yeai-s of growth. As the parents rm^ tlioiigh 

operation because of the deformity, they consider surgery a ai rate, 

the cliild is entirely healthy in otlier respects and is growing a a^^^ 

In 2 patients operated upon at about tire age of 1 year the resu pj.pfer 
good but in 8 others, somewhat older, they have been is se’ 

reserve this operatiorr for very young children in whom t re e 
and pressure symptoms present. 


to 

sever® 
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and I mode our report to this orgnnimtion juat ten years ago, and we agree Tvith Dr. Lester’s 
ccmclaaloiifl today that the radical procedure Is the desirable one. Of tho various motbods 
used we preferred the ono wo used at that time (slides). 

This shows a sevoro case in a girl. The raobUIxation of the sternum and costal 

cartilages is shown hero, then tho fixation with inimobilixotion in a plaster shell. We have 
used the Parham-Mnrtin Ijand, beeauso in our experience the wire is likely to cut through; 
one can use two bands—In this particular ease we used one—tlie plaster shell is prepared 
beforehand and this Is hold up witli rubber bands. This is tho end result. 

I wotild also like to emphasise tho importance of long follow-up in these cases, because 
they do not do as well as wo might hope. Recently we had a patient, a man .14 years of 
age—and his age Is of importance—who had a typical ehCne-chondrostomon of the worst 
type I had secn^ and we hoped we might do tho same proctKlure. TTowover, when wo got 
ia w® found there was so much deformity and so much fixation tliat mobilitation and eleva¬ 
tion would not be possible because this extended back so far. Wo did a procedure which 

Dr. DeBfikey and I, in our presentation ten years ago, said should not l>c done because it 
was contrary to all surgical principles. This was first done by Lexer and reported by 
Hofmelster in lfl27. It consisted of turning the sternum and costal cartilages inside oat. 
This has been done several times, in Severn! instances with had results because of gas 
bacillus infection. Pecauso of that wo meticulously cleaned oft all tlie muscle, leaving only 
bone and enrlllagc, and this view shows the result. It was pot>sihle to fix tho costal 
cartilages to the side; n.s a matter of fact wo had redundant cartilage. The result has been 
extremely satisfactory. In the older patient in whom there is marked fixation and marked 
change, particularly if the dcfonnlty extends quite far laterally, I would suggest that tho 
Lexer procedure Is a feasible one and will give a good result. But one must remove all 
the muscle to provout possible anaerobic infection subsequently. The Iwue and cartilage 
win be maintained as a cartilage and Imiie graft, apparently without any difRcuJty. 

BR. J, E, DAILEY, Houston.—Many techniques have been derisod in correcting 
fnnnel che>t8, and I wish to Introduce anotlier method in which no casts or any nppllanees 
tthatsoevor are necessary (slides). This could 1>o culled, ‘'a rib gmft olovation of the 
itemum.” Tlicsc slides illustrate a 1.1-year-old girl with quite u marked depression, and 
the postoperative result. The lateral view shows the marked depression of the sternum. 
The pntlent also had electrocardiographic changes nud marked cardiac eralttu-rassment. The 
next slide is a postoperalivo roontgcnogram showing quite a marked improvement in tho 
depression. 

The operative procodoro in tliis case consisted in removing a segment of the ninth rib, 
leaving the perloitcum on one surface, tlien all the cartilages wore completely resected on 
both sides of tho stomum leaving tho pericondriom- Tho sternum was elevated. Tlie seg¬ 
ment of rib that was removed was then need ns a liridgo from the second rib on one side to 
tho third rib stump on tlie other side and wired in place, and the sternum was allowed to 
rest upon that rib. The poricliondrium wns tlien tacked up around the edges of tlie 
slemum. Tlie rib placed beneath the sternum, effectively held it in place and the post¬ 
operative use of 0 cast or some suspensory applinnce was totally unnecessary. 

It is suggested that this technique might bo applicable in certain cases of severe 
crushing injury to tho chest In wltich it might Iw of value to Immobilio the sternum, and 
counteract paradoxical respiration. 

be. FOEBESTEB BAINE, Milwaukee.—Along with Dr. Ochsner’a remarks abont 
having to tnm tJie sternum when there was such a terrific depression, I have found that by 
rimply splitting the sternum lengtlivrise with a saw, it can be folded out, and the depression 
disappear* quite well without liaving to turn it over and it really becomes fixed remarkably 
•c that there is no instability two weeks later. I think that might be simpler tJmn turning 
It over. 

BB. a. Jo, DRO^VN, Son Frsmcisco.—I do not rise to defend one procedure over 
Mother. I think we have come beyond that point. However, I would like to mention our 
ciponenco in 27 of these cnBoa during the past fourteen years; were tho infant type 
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week but we have yet to eueounter a purulent infection. Tlie reason for this 
may be that the wire.s act as sotnm and, of cour.se, penicillin is now used 
prophylactically. 

Edema of the <?lottis or subglottic, region is a complication which mast 
always be considered when endotracheal ane.sthe.sia i.s u.sed in ehildi'cn. Because 
of the danger of accidental pneumothorax during operation this h-pc of 
anesthesia must be employed, but in a long operation it certainly piedisposes 
to postoperative tracheal obstruction and a tracheotomy set should always he 
available near the bedside after operation. 

Results have been excellent w’ith respect to the relief of pressum .sjTnptoms 
and in no instance have we had a failure in this category'. In certain cases, 
however, cosmetic results leave something to he desired. This has been discussed 
with respect to the simple operation. In the older patients the irreversihle 
changes which are prone to develop after the age of 5 ymais cannot be coi- 
rected by' elevating the sternum. Flattening and nan’owing of the chest due 
to the downward slant of the ribs wll pei'sist. The exaggeration of the normal 
dorsal vertebral cuiwe can be rectified by' corrective exercises if the patient vviil 
pei’sist in them. The flare of the lower ribs at the costal arch will ghc tlio 
appearance of a funnel chest after the sternum has been elevated to its noma 
position and for this reason we have extended the operation to include t ie 
cartilages which make up the lower margin of the transverse groove. With 1 w 
procedure the deformity' in this grou]i can be about 80 per cent cou'ec 
depending on tlie amount of iiTcvensible change, and the patients seem to 
satis-fied. 

The best results have lieen obtained in the age group between 2^4 ^ 

yeare. There are 5 of these in whom we have done the radical operation an 
defect seems to he almost 100 per cent corrected. These cases aie a 
recent and tlie children have many' y’cars of growth ahead of tbem so 
prediction.s as to the ult imatc result should he made at this time. 

There have been no deaths among the 31 operative cases. 


SUMMARY 

It can he said that congenital shortening of the central jpost 

diaphragm produces a variety' of deformities in the tlioi-aeic cage, 
common and most serious of whicli is funnel eliest. The incapacitating syn 
are due to pressure on the heart. Radical operation in 
cartilages are resected, the xiphoid detached from the sternum, and t 
elevated wiU relieve the pressure s.y'mptoms and bring about a coi 
correction of the defox'inity'. The best I’csults are obtained when t le o 
is done before the age of 5 .veal’s. 
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DISCUSSION _ 

DR. ALTON OCHSNER, New Orlenna.—Tliis presentation is 
one, and Dr. Lester is to be congratulated on the number of cases he as 
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cndoo tmctlon on the anterior chest wnll ronults nnd n deformity Is produced. This tlieory 
is de«ribe<l by me In tho March, 1&40 issac of Pediatrics. 

The only dlnphmpm nssoeinted vdth n eonRcnitnl chondrostcmnl depression wna Been 
by me in n 4-woek'Old sncklinp puppy. Ttn anterior segment (dcrivefl from the septum 
tmnsversum) appeared practically nlwnt nnd its membranous portion instead of being trefoil 
consisted of two leave* which were fused anteriorly nnd attached to the xlphoid-gladiolar 
junction, 

I found the anatomy of the diaphragm quite different in n 14'month-old Infant with 
n fongenitol chondrostemnl prominence (pigeon che*t). Tlie membranous portion was In 
the shape of on in\T3rted letter Tho anterior portion containeil few tliln muscle fiber* 

compared to tlio strong muscle fiber* of tbo Inteml portions. Tlic contraction of such a 
diaphragm apparently produce* this typo of deformed chest, namely, a round full "infantile” 
upper half which form* the prominence and n compnmtively retracted lower half of its 
anterior wall. 

A* a result of these oljservntlons and studio*. I feel that congenital deformities of the 
anterior chest wall result from tlio contractions of n congenital obnormolly developed 
diaphragm. 

In patients with eongcnitnl chondrostemal depressions, I employ an inverted "Y" 
Incision. Tor tho correction and maintenance of the sternum I suture a free cartilage 
graft, taken from the costal margins, under the end of the elevated sternum to the ends 
of the fifth cartilage. 

DR, PAUL TTOLINQKR, Chicago.—The problem of funnel chest is of interest to the 
laryngologist ns well a* tho thoracic surgeon. Any chronic Inryngenl obstruction will result 
in temporary nnd possibly permanent funnel chest deformity. Diis is seen in infants and 
children with laryngeal pnpnioniatoais or with soenlled "congenital laryngeal stridor.” In 
the latter condition, tho larynx i* soft, flaccid, nnd slightly olcnmtoos and on each inspiration 
the arytenoids, aryopiglottlc folds, and carle<l epiglottis are sacked Into the glottic Inmen 
to caoM obatmctlon. This is often severe enongh to resnlt in extreme sternal rotraction with 
the epigastrium drawn back to tho spinal eolnmn on inspiration. It is certainly conceivable 
that the shortening of the ligament of (he dinphrognj, whicli is considered an etiologie factor 
of funnel chest, is tho result rather than the enuso of the retraction of the sternum. The 
retraction In congenital stridor is usually present nt birtli nnd increase* in severity with an 
alarming increase in the loud stridoroos sound on inspiration until the infnnt renehes 10 to 
12 months of ago. Thereafter tlio noisy breatliing gradually decrease* aud at 2 or 3 years 
of age breathing is entirely normal; the larynx baa nasumed its normal rigidity and stays 
patent on inspiration. But, in tho severe cases, the infnnt 1ms developed a chest deformity 
rrith flaring of the ribs nnd, to a greater or leaser degree n funnel chest. 

The extreme deformities presented by Dr. Lester certainly requircfl operative repair. 
But indications for surgery in some of tho opomte<l infanta sliown by discussants might be 
(fustloned, especially when expiration films of tho chest showed n normal anteroposterior 
diameter of these (iests. In such cases, tho deformity could hardly be considered a* due to 
a shortened diaphragmatic ligament, since then the deformity would be evident on expiration 
'w well as on inspiration, although possibly not to tho same degree. I think, therefore, that 
before operating any infant for this che*t deformity, a careful study of tlie larynx should 
be made by direct laryngoscopy; and that the likeUhoo<l of a spontaneous disappearance of 
the deformity as the Infant reaches 2% (o 3 years of age is groat. The Indication for 
•urglcal intervention might better be the degree of displncemont of mediastinal structures 
rather than tho degree of subetemal retraction on inspiration, 

Btt. JEROME HEAD, Chicago,—We have recoutly Imd a rose of this type whlcJi we 
bodied in a different manner. It seemed to us the deformity could be corrected best by 
applying force in the opposite direction from the force which had been applied to create 
lbs deformit)', and doing this ^rithout resection of cartilage or transection of the sternum. 
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procedure, and by this we mean 2 years of nRo or under; when wo spenh of the adult tvpe 
it is over that age. In the infant type if they are done when the development of the 
defect is still going on you get a re.sult. If you do it after that you get no result. 

So far as technique goes, we do not use any support at all. The whole trick, so far 
as I am concerned, is in freely developing motion of the sternum, overcorrecting the defect, 
and the sternum sits up by itself. Then if you wish you can put an extra snture in m 
one of the rib stumps that seems to be pretty close to the sternum; it will stay up whether 
you put that in or not. We have reached the point where wo are trying to evaluate when 
one should do the operation. People come for two reasons; one is for the cosmetic result, 
and that is important; but the other is, for a person without symptoms with the defect or s 
child who is developing the defect, should you advise operation? The end results, from 
the cosmetic viewpoint, have been very good in children and fair in adults. I would say 
about 75 per cent in the adults. We have had no mortality in the 27 enses. But from the 
functional standpoint, where the patient pre.sents himself with symptoms, the end results 
have been poor, uniformly poor, and that has led us to undertake cardiorespiratory studies on 
these patients before surgery and ns soon ns they are seen. In the early cases this is 
difficult but ns they get along in age you can make good studies and, surprisingly, the (i u 
has some cardiorespiratory signs before lie is conscious of them (slides). 

This is an outline of the studie.s we are now making. Tliis child had lung on oidy 
one side. Postoperativelj' all get an immediate response in the breathing reserve, and t e 
breathing capacity is immediately increased. This shows an adult of about 33 years of age. 
who started with a very fine vital capacity, very marked deformity. e do not conn er 
that vital capacity means anything. The maximum breathing capacity before opera ion wa 
15, and 32 immediately after. However, they drop os months go on. 

This slide shows the development of the pectus in a child; you see 
There is neuromuscular imbalance which gp'ndunlly causes permanent shortening m ic 
posterior diameter of the diaphragm. d as it 

At present we are trying to determine when operation should he advise aa 
stands now, we think you cannot do it early enough. 

DR. HENRY A. BRODKIN, Newark, N. J.—I am of the opinion that nckeb pbf- 
no part in the formation of anterior deformities of the cliest, commonly c an 
pigeon breast, and Harrison’s grooves, which I had the temerity to name ge- 

stemal depression, congenital chondrosternal prominence, and congenital cos df 

pressions, respectively. I believe these deformities result from the altered con 
an abnormally developed diapliragm. on the 

The importance of the diaphragm in respiration is realized when one re^ nre 

fact that a young animal will die of respiratory failure when both its p that 

severed. I believe further that it is chiefly the influence of the action of t the 

changes the contour of the infantile round cliest to the elliptical ndu t 
end of the first year. _ -ngpiration 

After observing the symehronous retractions in the anterior chest ''^''^'.^'I'^'^^jjjjrosternal 
noth the contraction of the diaphragm in two infants, one with a congem a (pigeen 

depression (funnel chest) and the other with a congenital chondrosternal 1”'°“” ^traction in 
chest), a phrenic nerve of each was injected with 3 per cent Novocain. ‘ 

each deformity censed on the side injected. This was strong evidence o 
deformity was produced by the contractions of an abnormal diaphragm. oi 

After reviewing the embryolog;y of tlie diaphragm and studying tnnatomi'^ 
various animals, I came to the conclusion that a normal diaphrag^ has a nn^ 

structure with a definite structural ratio between its circumferential radin nm jgtgral, 
its trefoil membranous portion. It consists of four fused segments, antenof 

and a posterior, each separated by a fibrous raphe, derived respective y mesentery- 

septum transversum, the two lateral pleuroperitoneal membranes, and le jf tlie 

Contraction of a normal diaphragm exerts its traction on the membranous present, 

membranous portion extends to the sternum or if the normal stnictur ra 



AN EXPERIMENTAL STUDY OF THE BLOOD SUPPLY OP THE 
ESOPHAGUS AND ITS RELATION TO ESOPHjVGEAL 
RESECTION AND iVNASTOJIOSES 

John L. Shek, M.D. (by intitation), Carlos A. Prietto, M.D:, JI.S.CSuboery) 

. (by dtotation), M. Tottle, M.D., and E. J. O’Brien, M.D. 

Detroit, Micu. 

introduction 

T his series of ox])orimcn(s wns ventui'cd upon to ascertain wlietlicr or not 
the blood supply of the esophagus of the dog is adeejuate to tolerate a resec¬ 
tion irith end-to-end anastomosis. 

JIETHOD.S OF SURGERY 

Thirty-two dogs, whoso average weight was 15 pounds, weic used in these 
experiments. A preoperativo dose of morphine aulfatc, 0.09 Gm., and atropine 
sulfate, 0.004 Gm., wns given one hour before surgerj-. Positive pressure endo¬ 
tracheal ether and air anesthesia was used. The left pleural cavity wns entered 
through the hod of the sixth rib, which had been resected. 

In these experiments, vnrjdng Icngtlus of the esophagus were resected and 
it was denied of varying amounts of blood supply. In all experiments the 
resected ends of esophagus were reunited by single interrupted horizontal mat¬ 
tress sutures of 00000 silk in two layers. The esophagus was then replaced in 
its mediastinal bed, except in two dogs of the first experiment. These had the 
esophagus transplanted anterior to the aortic arch. 

The mediastinal pleura was not closed. The lungs were rc-expanded, 100,000 
nnits of penioilliii were left in the plcnml cavity, and the thoracic wall was 
closed in layers witli interrupted sutures of cotton. 

Immediately postoperatively, the animals were given 100,000 units of peni¬ 
cillin intramuscularly. No more penicillin was administered. 

Pood wns denied tlic animals for the first twenty-four postoperative hours. 
During the next four days a diluted mixture of the ordinary dog food was 
given. Following this, the animals were given a regular diet of conunercial dog 
weal, mixed with water. 

JIETnODS OF ARTERIOGRAPHY 

For all aiteriograms, the thoracotom.v wound was reopened, and the pleural 
carity entered, using the aforementioned surgical technique. The lung was 
packed away to visualize the esophagus. A right rectus abdominal incision wns 
made and the diaphragm divided. Through this thoracoabdominal incision, 
ample delivery and mobilization of the stomach was achieved. It was essential 
that the animal remain alive, for in these experiments, the propulsion of the 
opaque media wns accomplished by the animal’s arterial pressure. 

The media used in tlie first arteriogram was a mixture of 20 per cent bismuth 
oxychloride in 1 per cent starch solution. The bismuth was easily seen through 
tto arterial walls. In all other exiieriments a mixture of 18 per cent bismuth 

Prom the I>epartment of Burtrerr. Wayne University College of iredlclne, and the Sur- 
fctcai LAboratorle* of the W. H. llaytrary Sanatorlnm (City of I>etroit Department of Health). 

at the Twenty-ninth Annual Meetlnc of The American Association for Thoracic 
New Orleans, La., March 29-81. 1848. 
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Transecting the sternum and removing tlie cartilage tend to elevate the wliole defonnity 
rather than eorrect it, and correct the deformity of the ribs which had been occasioned by 
depression of the sternum. Therefore we made an incision and removed the xiphoid cartilage 
and simply put a hook under the lower end of the sternum, out through the skin, and 
applied traction to it. To hold the hook in place we put a stainless steel wire beneath the 
sternum and fastened that around the hook to hold it. After ten days we removed the 
hook from beneath the end of the sternum, and since then have applied traction early by 
rubber bands attached to the wire which runs beneath the stomum (slides). 'We did not n-te 
the bridge across the chest as we did not want to apply counter-pressure to the ribs, and 
felt if we were pulling the sternum out we would also be pressing the ribs back. In this 
case the heart had escaped to the right, which is rather unusual. There is a residual 
deformity on the left, and wo plan to put wire there and pull this out in the same manner. 
The principle is the same ns dentists use in correcting malalignment in teeth. 


DB. LESTER'.—I appreciate the discussion which has been evoked. Dr. Ochsner’s 

plaster shell for correction I think is adniirablc, and one can certainly get good correction 

by taking the sternum out and turning it over. I should say it would take some time to 
heal, during which it keeps the patient in bed in a plaster shell; and the same thing applies 
to Dr. Head’s appliance. The results are good, there is no question, but the children vitb 
the external appliance which Dr. Brown has used and which, ho has given up, are alloncd 
up and out of bed about the third day, and are running around the wards without any 
disability. 

This is Dr. Brown’s baby, really. It is his operation, and I am interested m his 

remarks on giving up the use of the ladder. We find that when the wires ^ 

we get a great deal of paradoxical motion. In the in-year-old boy I showed t is was 
extreme and had vis much worried for two weeks. Every time he breathed the s em^ 
flopped back and forth like a flag in the wind. In the obstniction situation la 
Holinger mentioned, that is in line with the observation made by Dr. Emmett o , ^ 
Professor of Pediatrics at New York University. He has been interested in 
and he suggested some sort of laryngeal obstruction as a possible cause of the tron 
he delights in calling me up to see children that have laryngeal obstruction with 
the sternum during forced inspiration. Of course, you get that in any ty^pe o a^^ 
obstruction. That is one of the cardinal signs of laryngeal obstruction which may 
tracheotomy. I think, however, that you cannot correct a true funnel cliest y 
that obstruction, and many- do not have an obstruction at all. However, when a 
large tonsils or other evidence of obstruction to his upper respiratory tract, we a 
that before we try to correct the chest. 
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Ill tliwc XitHxl nrcns, ])oi’tioiis of osopImRiis nintrinjr in Icnglhs fi-om .*1 to 5 cm. 
(that Is, npiiroximntcly onc-.scvontli lo one-foui’tii of tiic entire tliomeie Icngtii), 
were resected. The esophagi of two of the fifteen dogs were I'cscoted nt tlic level 
of the aortic nrcli. The esoi>Inigns was transplanted from iieliind the nreli and 
tlic anastomosis was made anteriorly. 
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oxychloride in 35 per cent Diodi’ast was used. This media was easier to work 
mth as it flowed more easily tlumigh a 25 gauge hypodermic needle. The 
amounts of media injected varied from 8 to 30 c.c. 
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Fie- 1-—^Diagrammatic sketch. I refers to ExTJerlment 1; II 4{/„Jfimpnt°IIh*A. 
and II, A; lY refer.s to Experiment III, and T refers to Expe i 

Wlien tlie left gastric arterj" tvas injected, all vessels to the rio 
ligated and the riglit half of tlie stomach was clamped to prevent 
filling in this direction. Wlien the right gastric or right gastroepip 
were injected, the duodenum was clamped and the vessels to the omen 
ligated. After intx’oduction of the needle into the arterj^ a jowly i" 

artery held the ensheathed needle in place. The injection was nia e s 
order to allow the blood to cany the media and to avoid vessel rupture. ^ 

After all arteriograms, the stomach and esophagus were Pi-evioiul'' 

men. X-ray films were then made. The dog was sacrificed an i 
operated, an autopsj’ performed. 

EXPERLMENTS 

I. To Determine tlie Feasibility of an End-to-end Anasioni 
of the Thoracic Esophagns 

(Fifteen Dogs Used) suppb' 

Yarying lengths in the esophagus were freed from their b oo^ 
that area which reached from the diaphragm to the arch of t e ao 
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III. To Determine the Adequacy of the Blood Supply From the Left Oastric 
Artery in Heating an Anastomosis Done After Resection at Different 
Levels in the Esophagus Devoid of All Thoracic Blood Supply 
(Six Dogs Used) 

In nil nnimnls in this exjicriinent, the C30i)hagus was deprived of its thoracic 
hlood supply. In each pair of dogs 1 ein. of the lower, the middle, and the upper 
third of the csophagirs was lesected. The anastomosis was made as before. 



PIff. 4.—Eiporiniont III. Anastomotic line on mucoaal aurtneo throe weeka poatoperatlve. 
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II. To Betcrminc the Viability of the Esophagm Devoid of 
Its Entire Thoracic Blood Srqyply 
(Six Dogs Used) 

In this experiment, the entire length of the esophagus was freed and adits 
thoracic blood supply was severed (that is, those vessels from the bronchial and 
intercostal arteries, as well as those from the thoracic aorta and aortic arch). 

Results. —All six dogs sundved the operation, and five lived and ate well for 
a period longer than fourteen days, after which they were used for arteriogram 
studies. The sixth animal died on the fourth postoperative day and an autopsy 
revealed a dilated right heart. The e.sophagus was viable. At autopsy, done sub¬ 
sequent to the following experiment, tlie esophagi of the remaining five animals 
appeared normal. 



Fig. 3.—Experiment II,A. Arteriogram showing Injection media 

of esopliagus, after being Injected Into the right gastric art 

A. To Determine by Arteriogram How Much of This Esoph^d'^'f 
by Branches From the Left Gastric Artery (Same Dogs Used os the 

Previous Experiment). —^Using the aforementioned arteriography ee 
left gastric artery was injected with approximately 10 c.c. of the p^P 

Besxdts. —The injection media was carried from the gastric a p,. 3 ^ 
esophagus and passed upward to approximately its upper one-four 
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tliorncio osoplinfms \\'nK freed ns before. The dinplimpni wns oi)Ciicd niid the stom¬ 
ach dclivcrctl into tlio thomeie onvity. The left (tnstrie, left pnstixiepiploie, nnd 
sliort gastric arteries were lignted nnd sevei-ed. Iinnicdintcly folloudng this, the 
right gnstiuopiploic artcrc was injected with 20 to 30 c.c. of the prepared bis¬ 
muth nnd Diodnest mixture. Tltc e.sophngus nnd stomncli were removed and an 
x-ray film made. 

RemUs .—The x-ray films revealed Hint the injection media hns lieen cnrrietl 
into the ccndenl esophagus (Pigs. 6 nnd 7). 



~—ExpctitvPnt IV. Injection media seen carried Into conical eeophaffua from Ulo right 
pimtroeplplolc artcrj% 


V. A Study of Uealing of an Esophagus Resected and Anastomosed After It Is 
Devoid of All Thoracic Blood Supply and the Left Oasiric, Left Gastro¬ 
epiploic, and Short Oastrics Are Divided (Two Dogs Used) 

In this experiment, the esophagus wns freed of nil its blood supply ns before, 
m addition to which the left gastric, left gastroepiploic, and short gastric arteries 
wore ligated nnd severed. The esophagus was then resected of 1 cm. in the 
aiiddle third and anastomosed cud-to-end. 
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Results. —^All six dogs survived the operation. Five lived for three weeks, 
at which time they were reoperated upon for the next expeifment. The sixth is 
still alive after eight weeks. Subsequent to the following expeiiment, autops)- of 
the five dogs revealed good healing of the esophagus and no evidence of stricture 
(Pig. 4). 

A. Arteriogram Study of the Esophagus Three Weehs After It Has Been 
Resected at Different Levels and Anastomosed When Devoid of All Thoracic 
Blood Supply (Sayne Five Dogs Used as Were Used in Previous Experimeni).— 
In this expeiinient, the left gastric aiteiy was injected with S to 16 c.c. of the 
prepared media, using the previously de.serihed technique. 

Results. —Arteriograms revealed clearly tlic adequacy of the blood suppk 
of these esophagi as shovm by the fact that the injection media was earned to 
the line of anastomosis or beyond (Fig. 5). 



IV. Arteriogram Study of the Esophagus After It Is Devoid of 
Blood Supply and the Left Gastric, Left Gastroepiploic, and> 

Gastric Arteries Are Divided (Three Dogs Used) ^ 
Tliis experiment was done to determine whether or not the blood 
right gastric ai-teiy could reach tlie esophagus by anastomotic c a 





o. 

B.—Kxi>erlment V. A, Second epocinion. Arrow point# to anastomotic Ilno'on mus- 
imrrP* •nrface, ten days postoperative. JB, Second specimen. Anastomotic lino on macosat 
riace. ten days postoperative. 
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.4. 



Fift. 8.—Experiment V. A, Arrow points to anastomotic line g^’^stoperatlve. 0 
days poitoperatlve. B, Anastomosis line on mucosal surface ten days P 
ascarls lumbrlcoldes at prepyloric re&lon.) 
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Interestingly enongli, in this entire scries of experiments no nnimnl suffered im- 
medinto posto])erativo denth. Two dogs died postopemtivcly, one on the fonrtli 
day from appai'cnt right heart failure, and the second on the twenty-second past- 
operative day from a hi-onehoimennionin. In each instance, the esophagus was 
intact and no mediastinitis was present. 

In these animals it has been well demonstrated that not only can the entire 
thoraeie esophagus Im dcprivc<l of its blood supply and sundve well, but at the 
same time portions can be resected and the esophagus reunited by end-to-end 
anastomo.sis mth perfect healing. This would tend to prove that the arterial 
supply from the gastric arteries is suffleient to nourish the entire esophagus. 

Arteriograms made on animala whose entire thoraeie and upper gn.stric 
blood suppl.v had been ligated revealed the fact that the right gastric artery can, 
through its anastomotic connections, supply the esophagus as high as its cervical 
segment. 

Criticism may he directed again.st these experiments in that no long-term 
animals (the longest is two months) have been roporied. The fear may bo raised 
that after a period of months, stricture may oceur at the point of anastomasis. 
It ^vill be noted from a perusal of Figs. 2. 4. and 7, that no apparent narrou-ing 
of the esophagus is evident. K.xpcriments arc in progress to clarify this point. 

Antibiotics were used sparingly in these studies. This was done to test more 
drastically the adequacy of the blood supply. 

CONCI.USIONS 

1. Ijoeal resection of the esophagus with end-to-end anastomosis has been 
successful. 

2. The entire esophagus can be freed of its thoracic blood supply and still 
remain viable. 

3. 'When the entire esophagus is freed of its tlioracic blood supply and is re¬ 
sected and anastomosis made, it heals wcU. 

4. It has been demonstreted by arieriograms that the esoijhngenl blood sup¬ 
ply which is derived from the stomach, even though all the ariories except the 
right gastric are severed, is suffleient to keep the esophagus viable and heal an 
anastomosis. 


(ffee discxitfion on pngc S37.) 
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Results. —Botli dogs slU'vived until sacrificed ten days later for the following 
experiment. Autojisy subsequent to the following experiment mvcaled good 
healing of the suture line and no evidence of stricture (Figs. 8, A and 5, and 
9, A and B). 

A. Arteriofjram Shicly of This (V.) Experiment (Same Two Dogs Usd (i$ 
in Previous Experiment). —The previous two dogs were reoperated and the right 
gastroepiploic or right gastric artery was injected vdth the prepai-ed media. 

Results. —The injection in one dog was poor, due to technical difficultia 
The other, however, showed the injection media had reached the line of anas¬ 
tomosis (Fig. 10). 



Fig. 10.—Experiment Y.A. Arteriogram showing Injection ineJIa carried to si 

discussion 

These experiments reveal the fact that apparently the blood suppb 
more adequate than had been previously supposed, both by the ac ua 
healing in the experimental animal, and by the arteriographic stu les 
esophageal blood supply. 

It will be noted that in each instance where a portion of the esophOo^ 
resected and then an anastomosis was made, healmg occurred i ea i j a 
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OPERATn'E PR0CF3)URE 

Tlio first type of procedure wns used in three patients. The chest was en¬ 
tered through tlio bed of the eighth rib, the esophagus was freed from its bed, 
and the area of stricture wns identified. The normal esophagus above and below 
the narrowed area wns held upward on rublior drain slings. A triangular wedge 
of esophagus was then i*cmoved in such a manner as to presen’e a small strand 
of esophageal tissue posteriorly to net os an anchor. The cut ends wore then 
joined by interrupted sutures of fine silk, one Inycr being placed in the mucous 
membmno and a second layer in the musculnris and adventitia. The esophagus 
was then replaced in the mediastinum. The mediastinal pleura was lightly 
closed. 

The second approach to this problem w’as used in two patients. In tbc.‘=o 
patients the mediastinum wns approached as in the first group. The esophagus 
was raised from the mediastinum and after the area of stricture had been identi¬ 
fied it wns completely resected. The lumen was re-established by an end-to-end 
anastomosis using fine interrupted silk sutures in two layers ns in the first group 
\nth the exception that the resection was complete. 

RESULTS 

The long-term results from a standpoint of patient sundval were not good. 
Three of the five i)ationts arc now dead. Ilowevcr, in none of the three who died 
at inton'aLs of from a week to three months following surgery* was there any 
c>ddcncc that the anastomotic line had broken down. 

CASE REPORTS 

Casi: 1,'—,T. ir., ft Nfgro Iniy, 7 year* of ngr, nas ilelivoreO nommlly in 1041. It wna 
noUcotl when the l>oy Itegnn to take sominoHd food nt the ago of l> t'> 10 months that some 
trouble wiiB exporionced in swallowing such a diet. This difficulty progressed and at tho 
sgo of 2 years a gastrostomy was done. From that timo until 1D46, tho esophagus was 
dilated both through tho gastrostomy and through tho upper esophagus. During 1045 and 
104G, it appeared that he wns able to eat witli luoderato ease, and the gastrostomy wns 
allowed to close. 

He apparently ate well bat continued to show evidence of a persistent anemia. 
Numerous and careful studies of the blood failed to reveal the exact nature of his anemia, 
tn Ifarch, 1048, he was again admitted to The Children’s Hospital of Slichigan. At this 
time there was ovidonco of a severe secondary anemia and dysphagia. X-ray studies 
revealed a definite stricture of the esophagus In its lower one-tliirtl. Esophagoscopy was 
done and there wns a webllko stricture scon across tho lower one-third of the esophagua. 
A filling defect was seen in tho stomach. There wns occult blood in tho stool. 

Tt was decided to explore tho esophagus and stomach tmnsthoracically. Tho patient’s 
klood was brought to normal and on April 12, 1048, theopemtion was performed. 

The chest was opened and the esophagus raised from its l>ed. The area of stricture 
^ns palpated and appeared approximately 2 cm. in length. It was decided to resect it 
locally and not to enter the stomach as it wim felt that the filling defect in the stomach 

duo to the deformity caused by tho previous gastrostomy. 

Therefore, a wedge which Included the stricture except for Its extreme posterior 
portion was removed from each side. This left a narrow, 2 mm. band posteriorly, as an 
anchor. The esophagus was reunited with two layers of fine silk. 

The postoperative course was uneventful and the patient was taking a full diet on 
the eighth postoperative day. 



THE TREAT]\rENT OF SHORT ESOPHAGEAL STRICTURES BY 
RESECTION AND END-TO-END ANASTOMOSIS 


W. M. Tuttle, jM.D., J. C. Day, MD. 

Detroit, Mich. 

I T HAS long lieen believed that I'esection of portions of the esophagus and a 
re-establishment of the lumen by an end-to-end anastomosis was impossible. 
The lack of a supposedly adequate blood suppl}' and the absence of a serosal coat 
reportedly would cause the anastomotic line to break down. It was for this 
reason that Adams and PhemisteF and later Sweep and Garlock^ brought the 
stomach into the thoracic cavity and joined it to the esophagus above the resected 
tumor. The use of esophagogastrostomy to re-establish the continuity of ali¬ 
mentary tract following esophagectomy lias proved a most useful and adequate 
procedure. 

Often times in the coui'se of resecting a long length of esophagus to over¬ 
come a very shoit area of stricture, we have been impressed by the magnitude of 
the surgical procedure used to correct the small but importunt defect. The 
thought arose, W'ould not a direct attack with subsequent end-to-end closure be 
feasible, especially in view of the now prevalent view that healing in the esopha¬ 
gus takes place by proper approximation of the mucosal layer. Good union an 
healing without stricture is seen frequently when large diverticula of the esop a- 
gus are removed in a one-stage operation. If healing occurs in such defects, 
which are often large, why should it not occur in end-to-end procedures? 

We were encouraged in this thought by' the previously mentioned observa^ 
tions, by the adequate healing seen in the operative procedure of cardioplasty or 
achalasia, where often large areas of an exceedingly poor esophageal wa are 
joined to the stomach with gratifying results, and by the results of e.vperinien 
carried out in our own laboratory. . , 

At the onset we were not bold enough to resect completely^ the entiie 
stricture and then directly reunite the superior and mferior aspects M 
esophagus. In patients previously' operated upon who are not includ 
group, the stricture was cut through longitudinally and the closure 
two layers in a horizontal direction. These wounds healed well and 
was restored. Such results encouraged us to proceed with the two ty'pes o op 
tive procedures to be reported here. 


^material 

This report is based on the results expeidenced in five patients with 
geal stricture who ranged in age from 1 to 70 yeai’s. The areas o s 
varied in length from 1 to 2% cm. The causative agent in none of t e p^^^ 
was clear, but in the two cliildren it was obviously congenital, for symp 
dysphagia had been present since birtli. 

From the Department of Surgerj-, Wayne University College of jgj- Tlioradi 

Read at the Twenty-ninth Annual Meeting of The American Assoc 
Sprgerj-, New Orleans, La., March 29-31, 1949. 
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It is imfortunntc tlint the fntnlity fiRuiTs licic reported arc ns liigli ns tliey 
nro, hut it is prntifi’ing tlint iieempsj- wiis ohtaine<l in two nnd that in each 
instance there wnn evidence of Rood hcnliiiR. 

mscnssiox 

Tile procedure described in this paper ivill not lx; of use in mnlignnnt lesions 
of the esophngus. In such patients the amount of esophagus to be resected 
would he too extensive and the procedure of esoiihagogastrostomy is the only 
feasible approach. However, it does np])cnr to have a definite place in the short 
esoplingeal stricture. It appears from the foregoing results tiiat blood supply 
of the esophagus is adequate to withstand this oiierative procedure and that 
licaling rvill occur. Recently we have carried out a group of cxiierunonts in 
our lalioraforv- which show that in the dog at least the esophageal blood suppl.v 
is adequate when all the esophageal and ga.stric vessels with the exception of 
tile rigid gastric are tied. 


COS'CUISIO.V 

Tlio resection of a sliort o.soplingeal stricture with an end-to-end annstomotie 
repair is feasible. 
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T'lHCUSSION’ OX ‘^\X KXPERIJIEXTAL STUDY OF TllF. UUXID SUTPLY OF THK ESOPHAOUB 
and its REL.\T 10N TO ESOl'HAOKiVL RRSECTIOX AND AKABTOllOSIS ” BY DR. 
•lOHX L. SUNK, DR. CARLOS A, PRIRTTO, DR. W. 31. TUTTL£, AND DR. E. 

J. O’bRIEX*; AND “tIIE TRFJlTilENT OF SHORT ESOPHAOEAL 
STRICTURFS BY RRSECTIOX AND EKD-TO-EXp AXASTOilOSIS ” 

BY DR. 3r. 31. TUTTLE AND DR. J. 0. DAY 

BR. JOHN R. PAINE, Buffalo, N. Y.—Some of us ut Buffalo General Hospital are 
engaged in a series of oxperimente very similar to those shown in the first paper. Our 
experience Up to the present time contimis entirely tho results Dr. 8hek has shown you. 
^Ve have carried the devaacularixation of tho upper gastrointestinal tract to the extent of 
freeing entirely from its blood supply the cer\'ical esophagus, the esophagus in the chest, 
aud the stomach down as far as the right gastric arterj’ and the right gastroepiploic artery. 
I would like to show a few slides of some of the specimens we have obtained. (Slides.) 

In three dogs the entire thoracic esophagus was freed from its bed and its segmental 
l>iood supply severed. The esophagus was then cut transversely in middle third and re- 
•utured. No gangrene resulted. Healing of the anastomosis was satisfactory. 

In two animals treated similarly, the anastomosis was made at about the junction 
the lower and middle thirds of the esophagus. In two additional animals tho anastomosis 
Was placed at the junction of the upper and middle thirds. Healing was satisfactory in 
^ animals without gangrene. 

Page 6t3 for article b>' Shek, Prietto, Tuttle, and O’Brien. 
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He left the hospital on the fourteenth postoperative day. He was readmitted to the 
hospital in Julj'^, 1948. The red blood count was again approximately 2,500,000 and there 
was again occult blood in the stool. In order to bring his blood again to normal a trans¬ 
fusion was given. Following this his temperature rose to 107° F., he became stnporons 
and anuric and died two daj's later in coma. 

An autopsj' was obtained. This revealed the esophagus well healed and the lumen 
adequate. There was no true area of bleeding found in the entire gastrointestinal tract. 

The kidnej's revealed some cloudy swelling but thej' were not the true picture of the 
anuric kidney seen after n transfusion reaction. 

At the time this child had received his blood there had been some trouble in the local 
blood bank ■with blood ■u’hich had been contaminated ■with a coliform bacillus. Such an 
organism was found in the heart blood and it was felt that the blood given may have 
contained this organism. 

This child probably represents one of those persons who bleeds from the gastro¬ 
intestinal tract but in whom no source of the bleeding is ever found. 

The autopsy did reveal the esophageal stricture adequately cared for. 


Care 2.—P. M. was born in late 1946. Soon after birth some difficulty in suiiUmving 
was noted. She did, however, gain weight normally on a liquid diet and experienced no M 
trouble until solid foods were given. At approxinmtcly IS months of flge she enter 
St. Mary’s Hospital, Detroit. X-ray' studies of the esophagus revealed a high-grade stricture 
in the lower one-third. - i, a 

The child was well formed and normally developed. Laboratory findings mt 
c.xception of a mild secondary anemia were normal. Blood was given and the child urns 
to surgery for correction of the esoifiiageal lesion. She was given an anesthetic of e ® 
oxygen. Before the endotracheal tube was introduced, the child became pale nn le P ^ 
weak and thready. The anesthetic was stopped and the child recovered. The opera ive p 
cedure was postponed and the child returned to the ward. . 

Five days later, at which time the child was perfectly normal, she uas agam 
the operating room. This time anesthesia was induced without trouble. The cliest was 
by resecting a portion of the left eighth rib. The mediastinum was opened and tie e p 
raised up, and the stricture was identified. ijjjjjp] 

The esophagus was resected above and below the stricture and the cut en s " ^ 

with interrupted silk sutures in two layers. A tube was left in the chest and connec 
closed drainage bottle. ^ 

The postoperative course was uneventful. Liquids were started on the 
operative day. These were increased and on the fifth postoperative day t 
changed to a normal one for the child. feeding 

On the evening of the seventh postoperative day, while the nurse was 
the child suddenly' and ivithout warning died. . well 

An autopsy was performed. Ho cause of death was found. The esop la 
healed and there was no e^vidence of leakage. . gjjpjren, ffi'’ 

Whether this was one of those peculiar instances of sudden deat m pjeept 

cause of which is never clear, cannot be said. It can be stated that t le ai 

for healing of the esophagus, was not informative. evidence of 

The patient had a well-healed esophagus at one iveek and there was no jpj,3en 

leakage. The child had been taking a normal diet for two day's at the time o 

death. ^ 

Case 3.—Aaiother fatality occurred in a 7 t)-year-old man who died app eptaino*'' 
days after surgery. Death was due to a cerebral accident and no 
However, esophageal function was good and there was no clinical evidence o 

Cases 4 and 5. —The two remaining patients have good esophageal rcmak-' 

and had a smooth and uneventful postoperative course. Their esophagea 
adequate at this time, wliich is approximately' eighteen months follow'ing surgery. 
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DR. JiVMEB ir. irASON ni, BlrmlnKham.—Dr. Tuttle mentioned the technique of 
longitodinnl incision Tvith plastic reconstruction of short benign esophngeni strictures. This 
technique, we believe, will have n place in sonic eocli cases. I would like to proeont the 
following wise historj', (Slides.) 

JelTerson-Hillnian Tlospilal, No. -10188.—L. N., colored man, married, aged 46 years, 
was admitted to the hospital on Jnn. 24, 1P47, with n stricturo high in the cervical esophagus 
which followed the accidental swallowing of lye four weeks previously. Attempts at 
dilatation were unsuccessful, and on Jan. 31, 1P47, a gastrostomy was performed. He was 
discharged on February 8, and was readmitted on March 12, weighing 114 pounds. He 
was experiencing difficulty in maintaining adequate nutrition by gnstrostoray feedings. 
On Jlarch 20, the cervical csojihagus was exposed through an incision on the left side of 
the neck pamllel to the anterior border of the sternocleidomastoid mnselc. The strictnred 
area, measuring about one inch in length was incised longitudinally; a nasal tube was 
passed into the esophagus through the stricture, nnd into the stomach, where the distal 
end was bronght out through the gastrostomy opening. A string was attached to the lower 
end of the nasal tube and was pulled througli llie strictured area and out of the mouth. 
The tube wos then removed and a bougie was placed within the strictured area and 
anchored by a string attached to onch cud. The woond was closed in two layers over the 
boogie. Gentle traction on the string gave cmly motion to the bougie and prevented the 
formation of adhesions in the divided strictnrod area. The wound healed per primnm, 
and the bougie was removed. It was not nccessarv’ (o continue dilatations daring bis stay 
in the hospital. Ho was discharge^! on May 2, 1047, with adequate esophageal lumen and 
bad gained in weight from 114 to 145 pounds. Ho has been followed at intervals and the 
wophageal lumen continues adequate. When examined on Aug. 2D, 1948, he W’eighed 150 
pounds, and stated that he could cat anything ho desired. 

DR. WILLTAM E. ADAM8, Chicago.—I wish to congratulate Dr. Tuttle and Dr. 
O'Brien and their group for their demonstration of further odvance in this Held of surgery. 
Because of what has been told you by others, I will not go into nil the experiments that 
we have done In this field only to say that our experience supports the thesis that the blood 
^pply of the esophsgvrs is far better than hod been onticipated from earlier work. Onr 
experiments might be divided into three groups which I shall mention briefly: One, in 
which mobiliKatlon of the entire thoracic esophagus and division of the left gastric vessels 
without resection resulted in no deaths from necrosis duo to lack of blood supply. A num- 
l>er of these animals died, and it was bocanse of pylorospasm through injurj' to the vagus. 
I think that probably explains some of the problems presented here, namely, dilation of 
the stomach and esophagus. In another gronp of dogs v'nrious lengths up to 6 and 7 cm. 
of the thoracic esophagus wore removed, with primary end-to-end anostomoais. In these 
animals a liquid diet was given immediately following operation, and no chemotherapy or 
antibiotics were used- There were no deaths. In the last group of experiments, which are 
rtill under way (Dr. Frltr, my associate, is still working on this), the entire thoracic 
esophagus up to the cerv'lcal region is mobilised nnd brought out through the neck. As 
®och as 0 or 7 cm. of the esophagus Is removed and an end-to-end anastomosis made. 
Of these cnees (there are only a few so far), one-third have surv’ived and are getting 
along well, in spite of the fact that all the blood supply is coming from the left gastric 
artery. 

DR. RICHARD SWEET, Boston.—T7e have had omplo evidence this morning, both 
•iperimental nnd clinical, that loenlired segments of the esophagus can be resected. I 
Would like to say a few words about wliot I consider to be the probable limitations of this 
method os applied to clinical cases, particularly in two diseases. First is the localized 
stricture which Dr. Tuttle so successfully treated in two of his patients. This is, of coarse, 

® relatively rare condition at beat nnd, in my experience, is a somewhat treacherous one 
from the standpoint of results. Sometimes there seems to be a tendency to recurrence of 
®*opliBgitiB, which is the primniy' lesion in those cases, just above or close to the anas- 



538 


THE JOURNAL. OP THORACIC SURGERY 


Tl.e thoracjc and cerv.cn] esophagus in two dogs was (IcvnBculnrkod without tesulh 

operated upon in n similar fashion, gangrene of a 
porUon of the distal segment occurred following transection and anastomosis b thecenical 


_ In two dogs the stomach was delivered into the chest and the esophagus traaseriei 
inches proximal to the cardin. A portion of the esophagus proximal to the transection 
was then excised and an anastomosis made to re-establish continuity. Healing was excellent 
without gangrene. 

In four dogs the stomach wn.s delivered into the chest, transections of the esopbBgus 
were made 4 to 7 inches proximal to the cardin, and after excising part of the thoracic 
and cervical esophagus proximal to the transection, nuuatomoses were made in the lecl!. 
In one animal gangrene occurred immediately distal to the suture line. 

All intrathorneic procedures were performed through the right pleural cavity. 


DR. E. P. PARKER, Charleston, 8. C.— V^c wish also to confirm the experimentnl 
observations reported in the first paper. In n series of dogs we were able to resect an 
average of 33 per cent of the total length of the thoracic esophagus in the dog with a 
high percentage of success without the u.se of any adjunctive therapy whatsoever. lathe 
dogs that recovered, some of whom were followed ns long ns eight months, there ivaa a 
stricture in only one case. As Dr. Paine mentioned, in several of the other dogs there 
was dilation of the esophagus proximal to the site of anastomosis without any demouatrahle 
stricture, and we thouglit this might bo due to some neurologic disturbance. We have not 
had the opportunity to use the operation for benign stricture, to which, of course, it is 
ideally suited, but we have used it in two eases of carcinoma of the esophagna as a pal- 
liative procedure in an attempt to restore swallowing. These were both cases with exten¬ 
sion of the careinoTua be 3 'ond the jioint of curability in the field of operation. 

The first case was a woman with metastatic carcinoma of the mediastinum and the 
esophagus, secondarj- to a carcinoma of the breast removed seven j’onrs previously, h 
was a miserable failure because of disruption of the nnn.stoniosis, concomitant invasion of 
the trachea, and she soon developed an esophngotracheal fistula. In the second case, hoiv- 
ever, the function of swallowing was restored enliroly to normal for a period of tDse 
mouths, at which time the patient developed recurrence of carcinoma at the site of anas 
tomosis. However, the palliative restoration of swallowing definitely made it worth 'vhi'f 
even though carcinoma did return. Every time an artificial opening is made in one o 
these patients ns a method of presumed palliation, it just adds to their troubles. We are 
all aware of that but it is -u-ell exemplified by' a case we had several j-enrs ago when a 
Negro man was treated by the Thorek operation. He got along nicely but of course he 
had two artificial openings. About six months after operation when he looked very hne, 
I asked him if he had gone back to work. He said yes, and I asked what he was doing. 
He said, “It’s a twentj'-four hour a day- job just looking after these two holes." 

So if swallow-ing can be restored in these people without the production of 
artificial openings, it is well worth while. 


DR. HERBERT MAIER, New York.—I should like to present a case in which re^ec 
tion and end-to-end anastomosis of the esophagus has been utilized as a palliative , 
for a small carcinoma at the junction of the middle and low-er third of the esop 
This patient had metastatic disease which fixed the posterior wall of the stomac 
celiac axis, and it v\-as not possible to free the stomach without transversing t ns ^ 
An esophagogastrostomy' was therefore not feasible, but by- leaving the distal 
esophagus below the carcinoma attached to the stomach, continuity' could be re-estfi ^ 
About 6 or 7 cm. of the esophagus with the small stenotic cancer were remove , 
careful end-to-end esophagoeaoplmgostomy without tension was performed. The 
was performed about one-half a year ago. Roentgenograms show good function ^ 
esophagus with no stenosis at the site of the anastomosis. The patient can swa o 
but is now having increasing discomfort due to the intra-abdominal metnstases. 
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Jt perhaps T^'orlh whiJc to comment on it. TJie validity of tijo criticism depend* eatirely 
on the que*tion the experiment ie desipned to niinwer and the conclnslon* that arc dnnm 
from It. 

Pr. Prietto’g work i* an intorestinp study of the coraparativo anatomy of the csoph- 
apos of the dog, in which tiio houHiig of the tissue is employed a* an cxperimontal method. 
Those of US who keep dogs ns pets know full well how thoy cat, how they Iwlt their food, 
and emck nnd swallow bones. In tlio dog, the esophagus seem* more nearly part of the 
stomach tlinn it is a spccialircd conducting tube. The function of the esophagus in tho 
dog, os contrasted with thnt of man, needs interpretation. Again, the dog has no medins- 
tinnm in tho sense that the human has. For many years battles were fought on the floor 
of this Association between tlic tldck pleura animal experimentalists nnd the thin pleura 
animal experimentalists. Tho dog la a thin pleura animal; perhaps ho has a “thin pleura 
esophagus.” I hope thnt Dr. Priotto will not be diseoumged. It is only tlie interpre¬ 
tations that arc likely to be drawn from his work that are l>eing challenged by Dr. Gibbon. 

DR. PRIETTO.—'I wish to tlinnk, on behalf of Dr, Shek nnd myself, Dr. Churchill 
and the others who diseussc’d this psper for their kind remarks. Our experiments go only 
one step at a time; where they will end nobody know*. In addition, may I say, to corro¬ 
borate the dl*cdssions of Dr. Paine and Dr. Parker, I did not mention that in our experi¬ 
ment* wo did save llie vagus, ns much a* poesible without trauma. That might be the 
explanation, ns they concluded, for the dilation of tlie stomncli in one of thoir dogs 
which died. 

DR, TUTTLE.—I want to thnrik the discussants. T, too, do not feol that this pro- 
ecxlnre will ever replace to any great extent the operation of esophageal resection and 
subsequent osopbugogastrostomy. I present this only lH?cnuse it waa an interesting ob- 
ser\’ation, because It has worked in these individuals, nnd because it has not, so far as I 
know, been previously reported to have been n successful procedure. 

In answer to Dr. Sweet, tlicre are two typos of lesions wliich occur in the esophagus 
which produce strictures and in which there is no previous history ns to the true nature 
of the stricture. Wo feel that probaldy one of these things is a peculiar type of esoph¬ 
agitis and I agree that this type of lesion must bo resected fairly widely. Two of our 
patients, I think, had that type of lesion. Tlio second t}T>e of lesion was seen in two 
children. These lesions were probably one of the congonitnl webliko diaphragms which 
one see* In children not infrequently. In such lesions, duo to tho manipulation which is 
carried out before resection is tliouglit of, there frequently develops n certain amount of 
esophageal infection, which tends to produce stricture ns time goes on. 

In answer to Dr. Barnett's comment; I think that probably these are best approached 
from the left side, because if it bocomes apparent thnt n local resection cannot be done, 
one might have considerable difflcnlty from a right-sided approach. Another point Is that 
ia the esophageal strictures it is sometimes very hard to tell the exact length by palpation. 

In answer to Dr. Gibbon I would like to say that these experiments were done only 
to demonstrate the blood supply in the dog. Nothing was said about the blood supply in 
the human esophagus. It was an experimental study on the dog, and the conclusions have 
been drawn only from tho dog. However, it is interesting that healing has occurred, 
because if one goes back to the older experimental literature it will be found that local 
resection and end-to-end anastomosis, also in the dog, done fifteen or twenty years ago, 
*hno8t routinely failed. So I boliovo these axperiments do iiave a certain amount of merit. 
We agree with Dr. Gibbon that the studies should be carried further on human beings and 
fresh autopsy specimens, and that is our plan. This report was only the first step in a 
General plan to study the blood supply of the esophagus. 
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tomotic site. I would venture to predict that, when rather limited segments are removed 
in this disease, there will he some functional difficulty from recurrence of the same process 
in certain cases. 

The other matter has to do with the localized excision of carcinoma of the esophagus. 
Of course wo all know that this disease is extremely malignant and has a tendency to 
propagate in the submucosal layers and to extend a long distance beyond the ohvions 
tumor. I doubt, therefore, that this method of local excision will ever have any great 
application as a means of palliation. I would think that the experience of Dr. Parher, 
who mentioned that his patient survived for three months before swallowing diffienlty 
recurred, would be the one more apt to be experienced than that of Dr. Maier, whose 
patient has gone for six months., I doubt whether three months palliation would mahe it 
worth while to sub.iect a patient to an operation of such magnitude as this. 


DE. JOHN H. GIBBON, JR., Philadelphia.—The blood vascular studies, which have 
been made in dogs demonstrating the adequacy of the arterial circulation when the short 
vessels to the esophagus are interrupted, cannot be interpreted ns applying to the human 
esophagus. I agree with Dr. Sweet that probably' end-to-end anastomosis of the esophagu 
will have very little application in humans. I think a study' of the blood supply of t 
human esophagus would be of great value and would apply to those patients in whom an 
extensive exploration has resulted in interruption of most of the arterial hranche.s to 
esophagus in the thorax. I am sure it has been the experience of many of you that 
have explored such patients and interrupted a great deal of the blood supply. I 'j'® 
such experience and fortunately, or perhaps it is the general finding, the patient ns 
developed gangrene of the esophagus. Arteriograms made in fresh cadavers, stn 
anastomotic channels betw'een arterial vessels in the thoracic ^°'* * *, ** 

siderable interest. Such in.yection studies in cadavers, it seems to me, wou ( e m 
valuable than studies of the esophageal blood suppl.v in different species. 


DE. W. EjMOEY BURNETT, Philadelphia.—Although we are not 
end resection of the esophagus for carcinoma, I would like to mention jjjght 

Dr. Eosemond, Dr. Cooke, and I did apply that method to carcinoma. I t nculateil 

be worth while to call to your attention these two cases. The first was a pe 
tumor of 2 to 3 cm. in size on which esophageal biopsy was reported as pro m ) ^^il 

BO that we did approach this from the right side where easy' access could e o) ^ 
did resect locally a distance of about 6 cm. with end-to-end anastomosis. thaa 

specimen was a pedunculated carcinoma, not sarcoma. That patient has gone 
one year now w'ithout symptoms and without evidence of recurrence. The gnd 

a very' small carcinomatous lesion in which we again applied this method o e^^ 
were pleased that the microscopy of the ends of this resected specimen s owe 
of carcinoma. However, about three months after this the man dev e ope 
of course was thought to have a recurrence. We pushed our luck and again e 
Because I thought it was not recurrence, we did a very local resection of pjtient 

section. There was no evidence of carcinoma in this benign stricture. 
did not survive the second resection. It was probably' poor judgment, particnls^ 

to-end anastomosis. Those two cases have been our experience wit i 
maneuver. 


I wish 


DE. EDWARD D. CHUECHILL, Boston.—Before that b 

to make one general comment because I recall so vividly' the bitter goes on 

awakened in a young experimentalist when older surgeons ^rnuentlv such a criticise 
the dog is not applicable to the human being. This is because so freq Dr. Gibhon 

arises from prejudice and ignorance. I would call attention to the ac remark 

is an experienced mammalian experimentalist; yet he made that very more 

If he had not made it I think I would have been inclined to do so, per jg made; 

gently. But, knowing the feeling the young surgeon has when sue i a s 
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instnunental dilatation of benign strictures of the esophagus, and severe emsh- 
ing vrounds of the thorax (Table III). There seems to l>e a correlation between 
the traumatic agent and the site of communication of the fistula with the 
respirator}- tree. The fistulas caused by compression injury of the tliorax com¬ 
municated vvith the trachea in 3 out of 4 patients, while those caused by foreign 
bodies and instrumentation of esophageal strictni'cs conuniuiicated with either 
the right- or left-stem hroncluLS in 7 of S patients. 



Pit. 1.—Anatomic location of 44 reported caaea of eeophncotracheobronchlal fUtula. 

Infection was the most common catise of esophagorespiratory fistulas. In 
a study of the 75 reported cases of nonmalignant fistulas, 26 were known to be 
caused by a specific type of infection (Table H). Although in 16 additional 
ccses the etiology of the fistula could not he determined by the history, physical 



ACQUIRED NOmiALIGNANT ESOPHAGOTRACHEOBRONCHIAL 

FISTULA 

Prank Philip Colejian, M.D., ant? (by inwtation) George H. Bunch, Jr., MR 

Richmond, Va. 

T he successful surgical ti'catiuent of 4 patients inth acquired nonmalignant 
esopliagotracheobronchial fistulas pi’ompted a consideration of the incidence, 
clinical features, and management of this disease. 

We have located in the litei’ature of the past thirty-two j^ears (1916 to 
1949) 75 cases of acquired nonmalignant fistulas. Only 6 of these cases were 
treated by direct surgical repair,*’ *’ ® although PonceP* established the 

feasibility of this method of treatment in 1896. He successfully closed by 
cuxu’etage and suture through a transtracheal approach in the neck a fistu a 
caused by actinomj’cosis. The infrequent occurrence of acquired nonmalignant 
esophagorespiratory fistulas and the paucity of operative cases have led to to 
accumulation of meager experience by any individual in the management o t is 
disease. We have extracted certain pertinent information from the 7 
repoids whicli we believe will lead to a more comprehensive knowledge o 
subject as well as more defined indications for surgical treatment. 

The anatomic relationship of the larynx, trachea, and left-stem 
to the esophagus is conducive to the development of fistulas. At its comnien^^ 
ment the esophagus lies in the midline, but it inclines to the left si e as w ^ 
the thoracic inlet and gradually passes to the midline again at the 
bifurcation of the trachea. The esophagus lies in immediate ^''laHoii- 

membranous portion of the trachea and the left-stem bronchus. ns 
ship may explain previous observations that malignant and 
esophagorespiratoiy fistulas more frequently communicate with tie ® ^ 

bronchus than the right. Our analysis of the reported nonmabgnan 
variety has yielded 44 case reports in Avhich the location of the fisti a wn 
(Fig. 1). In this group the right-stem bronchus was involved moie o ^ 
the left. The deep cervical, paratrachcal, and tracheobronchial Ijronclii, 

nodes lie in immediate contact with the esophagus, trachea, an 
and may play an important role in the pathogenesis of fistu as o 
origin. 

Fifty to 60 per cent of acquired communications^ between the 
and respiratory tract are caused by malignant lesions.*®’ * ^9 _ etiology’ 

nant esophagorespiratoi’y fistulas may best be classified on the asm ^ 

(Table I). In an analysis of 75 reported cases, trauma was gonimo” 

fistula in approximately 1 out of 3 patients (Table II)- ^ 

causes of traumatic fistulas were respiratory or esophagea o 

From The Department of Surgerj'-, Medical College of Virginia. . foi TR®'**®* 

Read at the Twenty-ninth Annual Meeting of The American 
Surgerj’, New Orleans, La., March 20-31, 1049. 
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it is not nlwnj’s possible to identify the initial infection. Traction diveiiicnln 
may lend to fistnlons commnnicntion with the rcspiratoiy tree by continued 
activity of the initial infection responsible for the diverticulum, by superimposed 
■sccondarj- infection, and by erosion of calcified Ijunph nodes. The exact loca¬ 
tion of the opening of the fistula into the rcspiratorj' tree was given in 9 of 
the 11 re|>ortcd cases oC this type. In 7 of these the esophagus communicated 
until a secondary’ bronchus, usually the lower lobe, and in 2 the stem bronchus. 

CI.I.S’ICAI. ITvlTUnER AND DIAONOSIS 

.'l.innptoms oC this disease deserve empba.si.s. Four eases herein reported 
were under oliservation for jieriods ranging fi-om ton months to eight years 
ivithout lienefit of a correct diagnosis. The development of a communication 
lictween the resiiiratorj- sv’stem and the e.soiihagus invariably lends to char¬ 
acteristic svnuptoms. The ingestion of fluids is followed by strangling or severe 
paroxysms of eoughing after a momcntaiy a.synnptomatic pause. In large 
fistulas solid foods produce the same symptoms and large particles of ingested 
food may be eougbcil up. Chronic cough, upper respiratory infections, and 
repeated attacks of pneumonia are of common occun-enec. The fistula may lead 
to the development of lung abscess or bronchiectasis. Hemopt.vsis is not an 
unusual symptom and it may terminate in death.'” Large fistulas may lie 
as.sociatcd with severe weight los.s. Some patients become accustomed to the 
inconvenience of the fistula and suffer little interference with nutrition. Jinny 
leam the advantage of .swalloiving in the dorsal recumbent position which fends 
to minimiie the tj'picnl paroxysmal attacks of coughing and strangling (One’s 
sign).' 

The diagnosis of cso|)hngorespiratory fistula is based ipion the history, 
ph.vsical examination, loentgenographic studies, and endoscopic examinations. 
'Trauma to the chest, ingestion of foreign bodies or caustics, and instrumenta¬ 
tion of the esophagus may lie followed immediately or later by charncteri.stic 
symihoms of fistula. Long-standing communications between the esophagus 
and respiratoiy tree are usually nonmalignant. Fistulas of short duration in 
the cancer age group are suggestive of malignant lesions. If dysphagia pre¬ 
cedes the development of symptoms of e-sophagorespimtory communication, it 
13 indicative of cancer of the esophagus. A fistula of tuberculous origin may bo 
preceded by a protracted and indefinite illness (Case 3). 

Physical examination may reveal cridcnce of tuberculosis, sypliilis, or 
mycotic disease. Clinical signs of rcspiratorj- tract infection may consist of tbe 
presence of moist rales over a lobe or signs of advanced suppurative disease of 
the lung. Physical signs of indmonarj- infection are not always pi-csent. A 
tonla does not invariably lead to chi-ouic .suppurative disease of the lung, for 
the 4 cases herein reported showed no evidence of imrmanent changes in the 
tracheobronchial tree. It is passible to demonstrate the fistula in some cases by 
detecting the appearance of rales in the lungs after the ingestion of water 
(Ono’s sign).' Roentgenographic studies consist of a routine posterior-anterior 
tfim of the chest, loentgenograms foUoiving the ingestion of contrast media, 
and hronchograms. Prequentlj-, barium sulfate is administered prior to estab¬ 
lishment of the diagnosis; however, ingestion of iodized oil is preferable in that 
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Table T. CLASsii'irATiox of EsopnAaoTnACHEonnoKciiiAL Pistiilas 


I. Congenital 
IT. Acquirer! 

A. Alalignant 

B. J^onmnlignant 

1. Traumatic 

a. Foreiprn body 

b. Instrumentation 
e. Wounds of thorax 

d. Chemical (ingestion caustics) 

2. Esophageal diverticulum 
Pi. Infection 

a. Tuberculosis 

b. Syphilis (gumma or aneurysm) 

c. Fungus 

d. Nonspecific_ 


findings, and frequently by pathologic examination of excised tissue, it seems 
likely that many of these resulted from pre-existing mediastinal infection of a 
nonspecific character. Tuberculosis and sj'philis are the most frequent speei c 
infections which lead to fistula fonnation. Tuberculosis of the esophagus is a 
rare disease. AYe have not oliscrved ulcerative tracheobronchial tuhercu o^ 
lead to fistulous communication with the esophagus in the absence of me la am 
tuberculous lymphadenitis. The pathogenesis of tuberculous fistu as is 

Table II. Etioi.ogt ok .Seventy-Five Repouteo Ca.ses of EsornAOOTnACiiEOBnoxci 

Fistula* _ 


Traumatic 

Undetermined 

Tuberculo.sis 

Diverticulum of e.sophugus 

Syphilis 

Empyema 

Actino mycosis __ 

•Includes authors* 4 cases. 



explained on the basis of either erosion of easeating or calci e 
or rupture of cold abscesses into the tracheobronchial tiee an j|s 

Syphilis may involve any part of the respiratory tract or esop la^us, ® 
tertiaiy stage may produce fistulas by necrosis and ulceiation o 
Aneurysms less frequentlj’ lead to fistula formation by pressure nem ^ 
case reports of esophagorespiratory fistula caused by actinomj cosis 

the literature.^^’ • a t la forma- 

Traction diverticulum of the esophagus was responsible foi 
tion in 11 cases. Although traction diverticula can usuall.t m a ijsspe, 
pre-existing periesophageal infection AAdtli subsequent contraction o 

Table III. Etiology of Twenty-Oxe Reported Cases of Trausiatic Esopn 

Fistula 


Foreign body 

Dilatation stricture esophagus 
Nonpenetrating wound 
Penetrating wound 
Operative 
Chemical (lye) 

Incomplete data 
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Tablf: y. SuKoicAi, Tr^tmckt IK Twekty-Two Rnror.TtT) Cases or EROPnAnom\cnEO- 
nnoNriuAL Firtpla 


koubeh 

OP 1 

CAKES 

1 RESULTS 

1 CUREn 1 

UNCnAKOEP ] 

DIEP 

1. Caateriiatlon (endoscopic)* 





A. Chemical 

4 

.3 

1 

0 

B. Electric 

1 

0 

1 

0 

Totnl — 

r» 

.1 

2 


2. Direct surgical repalrf 





A. With preliminary gastrostomy 

1 

4 

0 

0 

B. Without preliminary gnstrostoroyl 

a 

•1 

0 

1 

Total 

10 

n 

n 

1 

3. Pulmonary resection and closure of 





esophageal defect 

2 

1 

0 

1 

4. Pnlliatiro gnstrostomv 

.T 

0 

2 

1 

6. Dminage of coexisting lung abscess 

2 

2 

n 

0 

Overall Total 

22 

15 

4 

3 


•All imnll flrtulas, 
tincludei nuUiora' 4 CAJicft, 


bronchial tree. It is always iicccssarj' to close llie defect in tbo csoplmgiis, 
whereas the site of communication of the fistula with the respiratoiy tree may 
be removed witli the resected lobe or lung. 

Proopemtivo preparation of the patient consists of correcting protein 
depletion, vitamin deficiencies, and anemia, and of restoring the contracted 
blood volume. Altliough serious states of nutritional deficiency may exist, wo 
have not found it neccssaiy or desirable to perfonn a preliminary gastrostomy. 
Positive nitrogenoiia balance can l>c attained in the patient with a largo fistula 
ijy means of gastric gavago through an indwelling Levine tube. If necessary, 
this may be supplemented by parenteral nutritional therapy. A survey is made 
of the cardiac and renal functions. Prcopcmtivcly, intramuscular and aerosol 
penicillin is administered for a period of three or moi'o days. Wo believe the 
physical state of the fistnlou-s communication will pixivo with further oxporicnco 
fo be of paramoiuit importance. Smooth cpitholized communications arc suitable 
for iinmediato and direct surgical closure. Small fiKtulas and fistulas associated 
'ritli exuberant granulation fiasue should receive local cauterization and anti¬ 
biotics in expectation of euro or alleviation of the local infection propnmtorj' 
to later surgical treatment. 

CaldwelP has directed ntlontion to the pi-obloms of nnesilicsin in acquired 
communications of tlie esophagus Avith the i-cspiratory tree. Largo fistulas com¬ 
municating with tlic trachea are of little concern to the nncsthotist providing 
there is sufficient space for the insertion of an infintahlo lialloon between the 
Carina below and the fistulous orifice abovo (Case 4). If the fistula in tbo 
terminal trachea docs not permit the intorposUion of a lialloou Iwtwccn it and 
the Carina, a snugly fitting intratracheal tube without a lialloon will likely ])rovo 
satisfactory.’ Wo have hud no difficulty with routine intratracheal intubation 
anesthesia Avhen the fistula communicated with a stem lironcluis or secondary 
bronchus. 
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it is less irritating to the tracheobronchial tree. Suitable roentgenograms and 
fluoroscopy following ingestion of opaque oil will usually delineate the course 
of the fistulous tract. Esophagoscopy reveals the fistula to lie usually in the 
anterolateral wall of the esophagus. The opening may be easOy overlooked due. 
to its slitlike configuration. A becbic blast can be felt when the tip of the 
esophagoscope is proximal to the orifice of a large fistula. Biopsy is indicated 
in papillomatous and ulcerative lesions. Bronchoscopy is of value in confirming 
the communication of the fistulous tract with the respiratorj’^ tree. Tlie opening 
of the fistula lies in the membranous wall of tlie trachea or bronchus. It may 
not be possible to visualize the orifice of the fistula in a secondary bronchus; 
however, it can be localized by injecting methylene blue solution into the 
esophagus during bronchoscop 3 \ The colored solution may he observed to well 
up into the involved segmental bronchus. Bronchiectasis must be excluded by 
adequate bronehogi’ams as its presence altei's the surgical treatment of esophago- 
respiratory fistulas. 

TREATMENT 

Careful analysis of the 75 reported cases of fistula shows that two-thirds 
of the patients received no specific treatment. In the group of 53 patients 
imtreated by surgery the outcome was stated in 26; 16 died while hospitalized, 
6 showed no improvement, and 4 were cured (Table IV). The results in 22 cases 
treated by surgeiy are extremel.v gratifjdng. Fifteen of the 22 patients were 
cured, 3 died, and 4 showed no improvement (Table V). 


Table W. Nonsuuoical Treatment in Fikty-Tiiree Reported Cases of Esophaoo- 

TRACIIEOBRONCUTAI, FISTULA 


NU.MBER 

OF 

CASES 


1. No specific treatment 

2. Antisyphilitic therapy 

3. X-ray therapy 


NOT 



STATED 

CURED 

unchanged 

A 


45 

7 

1 


Total 


53 



The treatment of traumatic esophagorespiratory fistulas requires 
tion of the time interval foUownng inju^ 5 ^ Acute traumatic stu ^ 
with infection or extensive mediastinal emphysema may ^ g^rly 

gical drainage of the mediastinum. Few patients will be seen ogtic 

to wairrant immediate operative closure of the fistula because o 
difficulties and the relatively short period of wound contamination. 

Fistulas associated witli gummatous ulceration of the jg proved 

bronchial tree should receive vigorous antisyTihilitic therapy. It 
or presumptive evidence of tuberculosis in a granulating fistn oiis^ 
experience suggests that a preliminary course of streptomycin may 
Clerf® has shown that it is possible to close small fistulas ( jj^^jodde- 
diameter) by endoscopic cauterization with silver nitrate oi so nmi ‘ 
Fistulas complicated by bronchiectasis or lung abscess tracheo- 

resection regardless of the site of communication of the fistu a wi 



E^phapeal and tracheal defects followldc dlvlalon of ft^tula (^Caae ■4), a, First 
or Interrupteil 000 allk initures. b, £h*conil row of interrupted 000 silk autures. 
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Direct surgical repair of an acquired esopliagorespiratoiy fistula requires 
a cervical, cer\acal combined with anterior mediastinal, or transpleural ap¬ 
proach. Fistulas located in the region of the superior thoracic aperture require 
a cervical approach combined with either a median sternotomy (Case 4) nr 
resection of the inner third of the clavicle and the anterior portion of flie 
upper two ribs. The esophagus is mobilized above and below the fistulous com¬ 
munication Yuth the respiratory tree. The fistulous tract is divided and if of 
sufficient length a portion is excised. The defects in the esophagus and traclioa 
or bronchus are closed by one of the conventional methods of suture. We prefer 
to close the trachea or bronchus with two layers of intermpted 000 .silk sutures, 
a jiroximal longitudinal matlre.ss suture, and a distal simple on-end suture. The 
esophageal defect is closed in a transvei-se plane using two rows of interrupted 
000 silk sutures. Simple through and through sutures approximate the walls of 
the defect and the knots are tied \vithin the lumen of the esophagus. The second 
layer consists of mattress sutures which approximate the muscular wall over the 
first layer of sutures (Fig. 2). The repaired defects are protected by the inter¬ 
position of adjacent tissue. 

The postoperative care consists of detailed attention to evacuation of 
tracheobronchial secretions, removal of the intercostal drainage tube in forty- 
eight hours (transpleural operation), parenteral jienicillin and streptoraycui, 
general supportative measures, and fluids hy mouth on the seventh postopera¬ 
tive day. 

The following case reports demonstrate the successful surgical treatment of 
4 patients udth esophagore-spiratory fistulas. 


CA.SE REPORT.S 

Case 1.—During the enrly part of ICovcinher, IP.tO, E. .T., a white womnn, 
age, aspirated a amall nail into the trachea. An illness followed cliamcterized^ . ^ 
coughing attacks, high temperature, and production of purulent sputum. A 
pneumonia was made and after a period of two weeks a bronchoscopist was consn 
failed to find the foreign body. An x-rav film at this time showed the nail to m 
region of the left-stem bronchus. The fever gradually subsided but she continue ^ ^ 


and one month later a second bronchoscopic examination was carried out. 
showed an ulceration on the posterior wall of the left-stem bronchus. The forei^ . 
no longer visible in the roentgenogram. Two months after aspiration of the o 
she began to cough and strangle on the inge.stion of liquids. She suffered rom 
tinct attacks of pneumonia in the lower lobe of the left lung during the ensuing 
She had been unable to gain weight but complained very little of her sjmpton 
strangling and coughing on the ingestion of fluids. chronicalb 

The physical examination revealed an undernourished woman who ^ jo per 

ill. There was suppression of breath sounds , at the left bn.se. fhe hemog o 
cent and the red blood cell count was 3,500,000. The total and differentia w jPoweti 
counts were normal. The blood serology- was negative. A roentgenogram o j^vealeJ 

partial obliteration of the left costophrenie sulcus. Bronchoscopic orifir® "a! 

slitlike defect in the left-stem bronchus 1 cm. below the carina. Tlie ^ u 
approximately 1 cm. in diameter in its long axis and there wa.s no associn^ gliowed a voW" 
Instillation of colored water into the esophagus at the time of bronc l^goscopy 

inunication to exist between the esophagus and left-stem bronchus. of Lipi'^'’' 

firmed the presence of a well-epithelized esophagobronchial fistula. A er in 


This examination 


odd 
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The patholopic ciaralnation of the fletulons tract eho\Te(l it to be well epithelized and 
lined br squamous epithelium. Tlicro was no netlvo Inflammation prceent tind no evidence 
of t specific inflnmnuitory dlseoac. 

Intmmuecular penicillin was ndmlniateml for n period of ten dava following the 
operation. On the seventh postoporativo day ho received fl^nids by mouth. There were no 
complications and he rras discharged from tho hospital on Jan. 22, 1047. Ho returned for 
a follow-up examination one month later, at which time he was entirely asymptomatic. 

Comment .—A tmumntic csophngobroncliifll fistula 1.5 om. in diameter in a 
IG-yenrnjld whito man has l>een apparently cured hy resection of the fistulous 
tract and closure of tho esophageal and bit)nchinl defects. 

Care 3.—In November, 1037, E, Q., a 03-yeftr-old white woman had what was thought 
to be a severe ease of 'Mnfluenta'^ chanicteritcd by low-grnde fever, ease of fatigue, and 
loss of weight. This ill-defined state of health peniu<teil for a period of eighteen months. 
In the early part of 1039 she noticed that ingcHtion of liquids Initiated attacks of coughing 
and strangling; however, no difficulty was experioncod with dry and solid foods. The 
symptoms showed no marked change until the time of her present hospital admission. 

At the age of 43 years she was hospitalized for pulmonory tuberculosis. After a 
period of six months’ observation she wns discharged aitlr apparently arrested tolrerculosis. 
As a child she had rheumatic fever unattended by complications. Her father died of 
pulmonary tubehrulosia when elie was a child. 

This patient was an elderly woman who appeared to bo in good health. The physical 
examination was ewntially negative except for moist rfiles in the lower lobe of tho left lung. 
The hemoglobin was 80 per cent and tire red blood cell count was 3,000,000. The total and 
differential white blood cell counts were normal. The blood serology wos negative. The 
nonprotein nitrogen \nis 33 mg. per cent. The kidneys were able to concentrate to n 
nwerimum spedfl® gravity of 1.013 during tho Mcscnthal concentration test. Tlie phenol- 
sulfonplithnlrin excretory kidney test was normal. Tho total serum protein was 7.6 Gm. per 

with a normal albumin-globullu ratio. Tlie sputum was repeatedly negative for acid- 
fast bacilli. The urinalj'sis showed a ono plus albumin with 75 to 100 white blood cells per 
high powered field. The eloctrocanllogram revealed abnormal P wave* in Leads 2 and 3. 
The 0, and T, patterns suggested a residual of old posterior myocardial infarction. The 
rital capacity was 02 per cent of normal. 

The preoperativo studies and diagnosis in this patient were made* prior to the patient’s 
hospital admission. A roentgenogram of tho chest revealed flndbigs compatible with healed 
bilateral pulmonary tuberculosis. After the ingestion of a contrast medium, fluoroscopy and 
*aitable roentgenograms demonstrated a fistulous communication of the esophagus with a 
secondary bronchus of the left lower lobo. Tho lower lobes of both lungs vrero filled by the 
contrast medium and revealed no of bronchial dilatation. The orifice of the fistulous 

could not be identified on bronclioecoplo examination. Esophagoscopy showed the 
orifice of the fistula to be eplthellied and to lie in the left anterolateral wall of the esophagus. 
She was given aerosol and intramuscular penicillin for a period of six days prior to operation. 

On Not. 10, 1047, a loft thoracotomy was performed entering the pleural cavity through 
the poriosteal bed of tJio resected seventh rib. The anesthesia consisted of peutotbal and 
endotracheal gas, oxygen and other. Tlie upper lobe of the lung was found to be studded 
^th numerous caldfled nodules ranging in aiza from % to 1 cm. in diameter. There was 
Partial symphysis of the visceral and parietal pleurae. Multiple calcified lymph nodes wore 
encountered adjacent to the bronchi and in the mediastinum. There wos a fistulous tract 
leading from the esophagus to the posterior segmental bronchus of tlie left lower lob© 1 cm. 
in diameter and 4 cm. in length (Fig. 3). The communication was eradicated by excision 
of 3 cm, of the fistulous tract and closure of the bronchial and esophageal defects as illas- 
in Fig. 2, 

•By Dr. George A. Welchons, Richmond. Va. 
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an excellent bronchogram was obtained in that the opaque oil readily entered the left-stem 
bronchus. The oil tilled both the loft and right lower lobes and the bronchial pattern nas 
normal. 

On Nov. 12, 1941, a left thoracotomy was performed and the esophagus was mobiliied 
above and below its fistulous communication with the left-stem bronchus. A segment of the 
fistulous tract was excised and the defects in the bronchus and esophagus were both dosed 
with two layers of 000 silk sutures. Sulfadiazine was administered for a period of three 
days preoperatively and for twelve days postoperatively. 

The pathologist reported a tubular structure lined by stratified squamous epithelium. 

Convalescence was uneventful and the patient was discharged from the hospital on 
the twenty-first postoperative day. Tlie patient has remained entirely asymptomatic and 
there has been no evidence of recurrence of the fistula during the past seven years. 

Comment. —A ivliile tvoiTian, 18 yeai-s of age, tvith a traumatic esophago- 
bronchial fistula 1 cm. in diameter and of five year’s’ duration has been cured 
by resection of tire fistulous tract and closrrre of the esophageal aud broncliinl 
defects. 


Case 2. — W. S., a 46-year-old white man, had a nine months’ history of paroxysms of 
coughing and strangling on ingestion of liquids or solids. In February, 1946, he inadvertontlv' 
swallowed a chicken bone. Seventy-two hours after this incident he noted that the ingostion 
of liquids or solid food caused episodes of coughing. Tlie symptoms persisted and thitt 
months later he coughed up a chicken bone about one-half inch in length. During tie 
ensuing six months he continued to strangle and cough following ingestion of either hqni s 
or solids, and he was unable to maintain a normal state of nutrition. There was a weign 
loss of thirty pounds. 

The physical examination was not remarkable except for evidence of * 

weight loss and severe malnutrition. Eectal examination showed one plus enlargement o 
prostate gland. The hemoglobin was 13 Gni. and the red blood cell count was 4,2 , 
The total and differential white blood cell counte were normal. The „ 

27 mm. the first hour. The blood serology' was negative. K-oentgenogrnpluo study o 
ingestion of Lipiodol showed the presence of a fistulous communication between t le 
and left-stem bronchus. A roentgenogram of tlie cliest was normal. Laryngoscopi 
nation revealed a papilloma of the right vocal cord but both cords exhibited norma^ 
Bronchoscopy' revealed a small patch of granulation tissue on the posterior wall o 
stem bronchus just below tlie carina. A dilute solution of methylene blue 
into the esophagus with the bronchoscope in place and immediately it was o 
appear in the left-stem bronchus. A diffuse tracheobronchitis was present an 
mucopurulent secretions were aspirated from the left bronchial tree. The com 
with the esophagus could not be identified during esophagoscopy. ^ 

The preoperative preparation and observ'ation of this patient extend o'’® 
of three weeks. During this time he was repeatedly observed to cough up 
of food during his meals. The fistulous communication clinically appeare the 

larger than indicated by' broncboscopic examination. It was necessary to 
high caloric, high protein diet by parenteral protein hydrolysates and bloo ^ j^tivdy 
Intramuscular and aerosol penicillin was administered for a period of one wee p 


because of associated tracheobronchitis. . i 1 befl 

On Jan. 3, 1947, a left thoracotomy was performed through the perios ea ^ 
resected fifth rib with the patient under pentothal and endothracheal gas, reitli 

anesthesia. The esophagus was mobilized above and below its fistulous (onimim 
the left-stem bronchus. The fistula was approximately 3 cm. in lengt esoph^P*® 

diameter. The fistulous tract was divided between clamps and the defects ijf inter- 

and membranous portion of the left-stem bronchus were both of the thoras 

rupted 000 silk sutures. Bronchoscopy performed immediately after 
showed no encroachment on the lumen of the left-stem bronchus. 
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Onr ft period of four years he Imd lost ft modorato amoant of welglit even though he had 
mastered an Ingonloua method of preventing food from entering the trachea daring deglutition, 
lie had noticed that holding his head slightly to the loft and leaning hnek^rds led to 
Improved passage of food into tho stomach rather than into tho tmeheo. 

Tlicro was evidence of moderate weight loss. A fow trtinsiont rftJes were heard over tho 
bases of both longs, Tho physical eiftminntion was otherwise negative. The hemoglobin was 
15,2 Gra, and tho total and dllTcrentiftl white blood cell connts were normal. The sedimenta¬ 
tion rate wns 21 mm. the first Iiour. Tho blood serolpgj’ was negative. The first end second 
strength tulKircolin shin tests were negative. The vltnl capacity wns normal. The blood 
chemistry studies wore normal, Roentgenogrnphie studies after the ingestion of Lipiodol 
showed Q fistulous communication between the esophagus and trncheti nt the level of the 
superior thoracic aperture (Fig. 4). Laryngoseoplc examinfttion showed pnrnl.N'sis of the 
left vocal cord. An Ingested silk thread readily enferet? the trachea by way of the fistula 
and after being coughe<l up It \rn.s reswnllowod. TIjp string made two or three complete 
revolutions almnt the descriltcd circuit which requireil its piecemeal removal throu^ a 
laryngoscope. 

Bronclioscopy showed a largo fistulous conmiuniention of the posterior ^^^U of the 
traclien with the esophagus at the level of the superior thoracic oporturo. Tho No. 840 
bronchoscope conld l>e passed easily Into the esophagus l»y way of tho fistulous tract. The 
fistula hnd a smooth oplthclinl lining and nppeare<l to bo pre&tCT than 3 cm. in diameter. 
The trndieobronelilal tree showed severe and gcncmll*ed purulent trncheobronchltia. Eso- 
pliagoscopT sliowed the fistula to Ho in the left anterolntcml wall of the csoplmgus £8 cm. 
below tho upper Incisor teeth, and the 9 mm. esophngosroiM? could bo pas.*ed througli the 
fistula Into the trachea. 

Tlie purulent trnclioobroncUllis re<iuiro<l n prolonged preopemtive period of aerosol 
penIdIHii and streptomycin and intramuscular penicillin, Tho sputum mUnre repeatedly 
showed E^hrrfchia coU. It was possible to maintain his nutritional state by o higli calorie, 
high protein diet; however, he never acquired a positive nitrogenous balance. Preopemtive 
transfosions and parentemi protein hydroUTmtes supplemented tho oral intake. 

On Sept. 15, 11148, gns, oxj-gen, and ether anesthesia were administered tlirough a long 
endotmehcal tube. The attached balloon wns placed between tlie fistula above and the 
^rina below. An incision was mode from the level of the superior bonier of tho thyroid 
cartilage to tlio supmetomnl notch along the medial border of the left sternocleidomastoid 
nrnscle. The retroplinryngcnj space otvs ciposod bv’ retracting the sternocleidomastoid muscle 
"nd the carotid shenth structures laterally. Tlie cervical approach was not sufiicient for 
exposure of the fistula and the skin incision wns extended downward over the raid-sternam 
to a level just below the tliird costal cartilage. The sternum was split in the midlino and 
tlio anterior mediastinum wns opened. Tlie exposure wns then satisfactory and the esophagus 

freed below tho fistula by blunt dia«>ectlon. The left recurrent laryngeal nerve was 
observed to be incorpomtod in a mass of scar tissue in tho region of the fistula. The cervical 
osophagus was developed bj' blunt dissection above tho fistula. There was considerable 
of tho mediastinum in and about the fistulous coramonication of the esophagus with 
the tmehea. The fistula was divided. The defect in the membranous portion of the trachen 
®^o^sured 6 cm. In its greatest diameter and it was closed with two rows of interrupted 000 
•Hk mturc*. A similar defect in the esopbngns was closed In a transverse manner using two 
^0^ of 000 silk sutures (Fig. 2). The loft lobe of the tliyroid gland and surrounding scar 
tissue were sutured over tlie closed tmclienl defect. 

Postoperatively, he received 2 Gm, of streptomycin daily and 100,000 units of penicillin 
totramoaculnrly every three hours. Ho developed n wound infection complicated liy chondritis 
of the first, second, and third costal cartilages on the right On Nov. 1, 3948, tlie diseased 
\Tero resected and the wound wns packed open, Tho wound required secondary 
closure. Prior to his discharge a bronchoscopy showed no abnormality of tho trachea. It 
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The pathologist reported that representative sections displayed a tabular stmcfure witt 
a cen ,1 l„„ea lui.a b.r n bro.d .one of .tr.HM ..p.mon, Vtl.elium, T1 S SS 
no enaence of » noHve inaon,n.„fo,^- profess. Ko luboreles n.r. presenl.. “ 

■She introniuBcnlnr penioillin wn.s naminislena for a perirf of |,. i„. 

She aerelopea atelectas.. of the left lower l.he on the „e„„a po.t.penair. d.r .£ 
promptly relieved by intratracheal catheter aspiration. Seventeen days after oLfo! 
she lyas discharged from the hospital. She has had no subsequent cough and no recnrrenfe 
of sj mptoras during the past fourteen months. 



Fig. 3. Fistulous communication between the esophagus and posterior basal segmental bronch 

of lower lobe left lung (Case 3). 


Comment .—This 65-year-old white woman had sjuiptoms of an esophag'^' 
bronchial fistula for a period of eight yeai’s. Coexisting healed piilmoiiflb'' 
tuberculosis and calcification of tracheobronchial Ijonph nodes are presiimpfi'^^ 
evidence of the fistula’s likely being tuberculous in origin, although pathoogic 
examination of the excised fistula showed no tubercles. Excision of the fistu o’! 
tract 1 cm. in diameter with closure of tlie esophageal and bronchial de ec 
resulted in an apparent cure. 


Case 4. T. if., a 24-year-old white male student, developed ''pneumonia 
1944, accompanied by the simultaneous onset of pronounced strangling, choking, and c 
ing on the ingestion of either liquids or solid food. At the onset of the illness 
became hoarse. He recovered from the "pneumonia” after a period of one wee 
associated symptoms persisted to the present hospital admission. He suffered cecond 
cough unrelated to swallowing and frequently produced blood-streaked spntnim ^ 
episode of pneumonia was e.xperieneed several months after the onset of his symp 
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SUMMARY 

Seventy-flve cases of acquired noninnlignanl esopliagotraclicobronchial fistula 
have been rei)orto<3 in the literature diiring the past thirty-two yeai-s (1916 
to 1949). Analj’sis of these ca.scs has .Yielded valuable information. 

The fistulas arc cla.ssifled on the basis of ctioloEV. The known camses of 
fistula formation are infection, trauma, and o.sophngcnl diverticula. There is a 
definite correlation between the tj'pc of trauma and the location of the fistulous 
opening in the tracheobronchial tree. Traction diverticula of the esophagus 
show a high incidence of communication with the secondarj- bronchi. The mo.st 
common specific infections leading to fi.stula formation are tuberculosis and 
.syphilis. 

Development of a communication l)elween the respiratoiy s.^-stem and 
esophagus invariably leads to charactcristie s.nnptoms. Ingestion of fluids is 
followed b.v strangling or 80 ™!; parax.v.sms of coughing after a momentary 
EsvTnptomatie pause. Diagnosis is based upon hislorv'. ph.v.sicat examination, 
roentgenographic studies, and endoscopic e.xaminations. 

Fistulas associated with active tuberculosis or syphilis .should receive anti¬ 
biotic therapy. Small fistulas and fistula-s associated with e-xulieiwit granula¬ 
tion tissue .should receive local cauterization and antibiotics in expectation of 
euro or alleviation of the local infection pteparaton- to later surgical treatment. 
Pistubui complicated b.v bronchiectasis or lung abscejw frequently require 
ptilmonarj' re.section in addition to closure of the esophageal defect. Smooth 
cpithelired eommnnicatioas unattended by suppurative disease of tlio lung are 
suitable for immediate and direct surgical clo.sure. 

Four patients tvith acquiied nonmalignant esophagotmeheobronchial fi.stula 
have been snceessfnll.v treated b.v direct surgical closure. Six patients treated 
by this method have been reiiortcd prcviou.sl.v in the liteintuie during the past 
thirty-two years. 


REFERENCES 

t. Adanw, H. ]).. nnd itabre.v, R. E.: Esoplmgotraclicobroueliiiil Fistula Duo to Non- 
o T, ponotruting Crushing Injur.v, J. TllORAac Seno. 15: 290, 1940. 

“. Berman, J. K., nnd ttnltcrs, C. E.: Empvenm Coniplicnted by Bronclio-Esopliagp- 
Pleural Flstuln, Ann. Snrg. 117: 100, 1943. 

3. Coldrrell, J. L,; The Anesthetic Mnnngement nnd Problems in Closure of Tmumntlc 

Tmchco-Esophageal Fistula in an Adult (Case Report), Anesthesiology 7 : 317, 1940. 

4. Clsgett, O. T., Payne, J. H., and iloersch, H. J.: Acquired Esopiiagotmclieobronchial 

Fistula, Surg., Gj-nec. & Obst 82 : 87, 1940. 

0 . Clerf, L. H.: Esophagobrunchlal Fistula; Report of Ttvo Cases, Tr. Am. Lnryng., Ithin. 
& Otoh See., pp. 85, 1943. 

0. Uaridsen P. B., and JUUs, E. 8.: Fistulno Between Esophagus and Bcspiratorj- Tract, 
M. Clin. North Auierira 7: 999, 1923. 

7. Judd, D. B., Clagett, O. T., Havens, F. Z., and lloerseh, H. J.: Traclieo-Esophagesl 

Fistula; Report of Case, Proc. Staff Meet., Mayo Clin. 19: 108, 1944. 

8. Lnliens, E. M., nnd One, Jo: S;-philiHc Tmeheoesophngenl Flstuln; Report of Cnee, 

Laryngoscope 44 : 334, 1934. ' 

9. Moersch, H. J. and Schmidt TT. IV.: Esoplingolironcliial Fistula, Arclu Otolaryng. 25: 

689, 1937. 

10. Moersch, H. J., and Tlnney, IV. S.: Fistula Between Esophagns and Tracheobronchial 

, Trw, M. Clin. North Americn 28: 1001, 1944. 

11. Poncet, M.: Sue um cas do flstulo traehco-oesophagienno d’origmc nctinom.vcosiqne, Acad. 

de med, Paris Bull. 36: 403, 1890. 



554 


THE JOURNAL, OF THORACIC SURGERY 


was impossible to identify the site of the healed surgically closed defect. A laryngoscopie 
examination showed partial return of function of the left vocal cord. Esophagogram flioTOl 
no esophageal defects. 

At the time of his discliarge on .Tan. IS, 394$), lie had no cough, no difEcalt)’ in swal¬ 
lowing, and he liad gained twenty-five pounds in weight. 



Fig. 4.—Ingestion of Llpiodol delineates the esophagotracheal fistula at the le^el 

thoracic aperture (Case 4). 




Comment .—This 24-year-old white man was able to tolerate or 
of four yeai-s a fistula which had a diameter of 5 cm. No spec 
agent could he demonstrated but there is evidence to suggest t a of 

likely arose from a pre-existing pyogenic mediastinal abscess. ) ceivico- 
the fistula at the superior thoracic aperture required a com 
mediastinal approach. Successful closure of the defects in t e 
esophagus has led to an apparent cure. 
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alone, and we have liad several experiences which have proved that point to us. One in 
particnlar was a child in whom a tmehcotomy Iind l)een performed elsewhere; a large 
opening had been made in the posterior trachea right into the esophagus. That child was 
carried along satisfactorily liy just utilizing the tracheotomy which was present to keep n 
good access for secretions, which is one of the factors in eonsermtive manngomont, and the 
child was fed by means of an indwelling Levin© tube. After a period of abont sixteen days 
the fistula was found to bo satisfactorily closo<L It was of quite long extent, and the 
child fortunately got no pulmonary complications. A similar incident was in a young Negro 
boy in whom there was a traumatic wound of largo six© in the trachea and esophagus, 
mused by a bullet, and the diagnosis was not made until eighteen hours after its occurrence. 
Operation had to Iw done bocaiase even two thoracotomy tubes could not control the degree 
of pneumothorax. Closure ^vn8 performed, but In view of the oraonnt of contamination the 
fistula reformed daring the postoperative period and closed very rapidly under coneervatiN’C 
management with tlie use of a jejunostomy. I would like to stress the use of esophageal 
rest, adequate attention to secretions by use of tho bronchoscope or tracheotomy tube, and 
the use of a jejunostomy ratlier tlian gastrostomy in these lesions. 

DR. JOHN S. HAHTEB, Louisville, Ky.—I would like to record my experience with 
three cases of diverticula of the esophagus occurring at about the junction of the lower 
third and tho upper two-thirds. One of these cases was particularly interesting in that we 
olj8orve<l tho patient for seven yeans trying to figure out wliene she was bleeding from. 
She had frequent hemopt>*ses and bronchoscopy and esophogoscopy frequently were per¬ 
formed after tliese hemoptyses, and wo never could ascertain where tho blood came from. 
In one of tlie barinm studies an esophageal diverticulum was demonstrated running to the 
right at about the level of the junction of the lower third and tho upper two-thirds. During 
these seven or eight years of ohservntlon she visited various clinics around the country and 
no one could make a diagnosis. Finally, about 1045, she developed rnnltlplo long abscesses 
of the lower lobe ou the right side and tliat was resorted, and at that time a very definite 
diverticulum was found extending into the substance of the right lower lobe. 

Subsequently two other patients were seen at Nichole Qonoral Hospital in I^ouisville, 
who were operated on for long abscess, and diverticula at this level wero found extending 
into the left lower lobe. That is three cases of diverticulum extending into the lobe and 
because of the inflammatory changes we were never able to demonstrate what the connection 
Was in the lung, except that tlio diverticuloos tract simply ended in tho inflammatory tissue. 

DR. HERBERT D, ADAMS, Bostom^—My experience with this particular lesion has 
been confined to those of traumatic origin, and I slionld like to bring up two points, one of 
which Dr. Abbott has already mentioned, that is, the early management of these lesions. 
First, it is not neceswiry to do an emergency procedure. If the patient is in profound shock, 
Cither mediastinal drainage or repair of the fistula at that time may be just tho tiling that 
^1 tip the scale and you ^vlll lose the patient. At one time, not too long ago, wo felt that 
ttny rupture of tho esophagus ^Tna on absolute Indication for posterior mediosUnotomy and 
firainage. However, we have proved to our aatlafaction, particularly in seriously injured 
ladiridoals, either with a crushing injury or n penetrating injury which producoe an esophago- 
tracbeal fistula, that tJicso patients may he in such sever© shock ontl they may Jiav© ancli 
extreme difficulty in managing secretions, ploa larj’ngenl edema and emphysema, that it is 
|**t to treat the aliock, flood them ^vith massive doses of antibiotics, and to do a tracheotomy 
if necessary to manage the secretions and laryngeal obstruction, and a gastrostomy or 
jejunostomy to carry on the nutrition and put tlie area at rest. Having done so, I believe 
the best approodi for these lemons, certainly those below the cervical and superior thoracic 
*tr*it, ia through the right thorax (Slides.) 

The first slide shows n barium swallow, ahowing how easy it is in some larger fistulas 
to demonstrate the stream of barium poamng from the esophagus into the trachea, Tlie 
Wit shows a diagrammatic aketcii of the approacli througli tho right thorax As you know, 

• dlvidbg the azygos major vein, you will have full access to the esophagus and trachea, 
•ad even both tlie major stem bronchi, and It is possible to mobilize the fistula under direct 
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DISCUSSION tr t is 

DE. OSLBE ABBOTT, Atlanta.—I rise only to mention a factor the 

important in the handling of these patients; I wonder if any lesion above le 
aortic arch might possibly have an associated gastrostomy, but certainly ghonU 

tbe aortic arch I feel very strongly that if the patient needs additional nu ^ jumhei 

have a jejnnostomy in order to keep the esophagus at rest. Another factor is 
of such patients may be seen within a period of eighteen to twenty- opera**'^® 

after the acute episode of rupture joining these two organs. In that case group a 

intervention frequently will be an unliappy factor, and we feel that in ^ jjgcesssry, anl 
ticular point should be made in giving them an early jejnnostomy, proporti®® 

keeping the esophagus at rest, usually by means of Leviiio suction. manage®®* 

immediate traumatic esophagotracheal fistulas will clear under t s yp 


THE COMBINED ABDOJnNAL AND BIGHT THORACIC 
APPROACH TO LESIONS OP THE MIDDLE AND 
UPPER THIRDS OP THE ESOPHAGUS 

Edwahd M. Kekt, M.D., and (by iN\iTATtoN) Sashiei, P. Habdison, JLD. 
PlTTSDlTlGIl, Pa. 

I N RECENT .venrs tliero has lioen a pronounced incrcnso in attention to both 
benign and malignant olwtnicting lesions of the csopbagns. Tlii.s has Ixa'n dno, 
in large part, to the woi-k of Plicniistor, Sweet,' Garloek,’ and othei’s, whose 
techniques arc familiar to all of you. In essence, those principles have meant 
the adoption of a direct attack upon the problem bv the use of esophagectomy 
and esopbagogastrostomy and the abandonment of the indirect approach as 
demonstrated by the Torek type of operation. These workeis have each em¬ 
ployed the left tmusthomeie, transdiaphragmatie approach for lesions at all 
levels of the esophagus and for tho.se at the cardiac end of the stomach. 

In 19JG, Ivor Lesvis' published the first account of his two-stage combined 
abdominal and right thoracic approach for carcinoma of the middio thiid of tlie 
esophagu.s. At the first stage the alslomen is carefully cxi)lored through an upper 
left paramedian incision. If there arc no metaatuses, the greater curvature of 
the stomach is freed in its upper half. The vn.sa brevia, the left gastroepiploic 
ortory, and the omentum arc divided well away from the stomach, leaving a 
vascular arch attached to the gi'cater cuiwature. The gastrohepntic omentum is 
tlien divided well away from the lesser curvature, and the left gastric artery is 
tied and dirided near its origin (Fig. 1). Lewis recommended fine silk through¬ 
out for ligatures and emphasized the need for meticulous hemo.stnsi8 in order to 
reduce inflammatorv' changes and the resulting adhesions. This stage is com¬ 
pleted by the construction of a 'Witzel jejuuo.stomy. For a period ranging 
between seven and fifteen days after the firat stage everj' effort is made to 
improve the patient’s nutrition, and it was the e.xpericnco of Lewis that the 
jejunostomy made this possible. 

. The second stage is performed through the right thorax by removal of the 
sixth rib and an incision in its bed. If the lesion is foimd to be lescctahle, the 
vena azygos major is divided between ligatures, the involved segment of the 
g'dlet is dissected free, the lower esophagus is mobilized, and the portion in the 
hiati« is freed by digital dissection. The cai-dia is then drawn u]) through the 
kiatus and the peritoneum is divided cireumfercntially. Adliesions which have 
formed are gi-adually Rbcrated as the fundus and Imdy of the stomach arc 
drawn up through the hiatus. MRien the organ has been sulflcieutly mobilized 
to permit placing the fundus well above the level of the cancer, the esophagus is 
sovored at the cardia and the opening in the stomach is closed. The upper end 
of the stomach is made secure to the mediastinum and chest waU; the esophagus 
m'plac ed upon tlie stomach and an end-to-side anastomosis is performed weU 

at th® T>s'enti'-n5nth Annual Meeting of The Amcrlcnn *V8«oclatIon for Thoracic 
ooryery at Mow Orleans, La^ March 29-Sl, 1949. 
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and excellent yision, divide the two structures, and close the openings in each with very flue 
sutures, ndth an excellent result. These patients have been managed in this manner without 
residual infection and without pleural contamination. 


DR. CAMERON HAIGHT, Ann Arbor.—The pai)cr hy Dr. Coleman and Dr. Buneh is 
quite timely because of the limited recorded experience of any one person in the sargical 
management of acqnired tracheoesophageal fi.stulns. I would like to refer to one type of 
fistula which it has been our unfortunate experience to encounter in a few cases of congenital 
esophageal atresia following primary anastomosis. It conccnis those infants in whom there 
is leakage of the anastomosis with the development of a recurrent tracheoesophageal fistnla. 
This occurs early in the postoperative course and at a time when the tissues are not in a 
suitable condition for surgical repair of the recurrent fistula. The surgeon is then faced 
with the alternative of waiting until the condition of the wound improves, or else of trying 
to close the fistula by’ chemical cauterization, as advised by Clerf for acqnired esopliago- 
bronchial fistulas in adults. 

If reoperation is to be done for recurrent tracheoesophageal fistulas in infants, the 
teclmical problem is a dilTicult and uncertain one because of the very considerable scar in 
the region of the recurrent fistula. Because of these difldcnlties and also because of the 
delay which is necessary before reopemtion can bo done, I now feel that first an attempt 
should be made to close a recurrent fistula by endoscopic cauterization with a bead of sodinm 
hydroxide fused on the point of a carrier. The cauterization is done under esophagoseopic 
or bronchoscopic control depending upon which method gives better visualization o t e 
fistula in the particular case. Our last patient with a recurrent fistula was treated success 
fully by bronchoscopic cauterization, and rcoperation was therefore unnecessar). 


DR. BUNCH. JR. (closing).—In regard to the remarks of Dr. Abbott, we have not 
found the need for gastrostomy or jejunostomy in any of our cases. We might pom on^ 
that neither of these procedures answers the problem of swallowed saliva. Feedings )y 
gastrostomy are unsatisfactory in cases with esophagotracheobronchial fistulas, 
tion of the feedings is prone to occur through the fistula and into the 
As evidence that regurgitation occurs even into the upper esophageal region, we 
had 3 cases of carcinoma of the cervical esophagus in which the W ookej frequently 

formed. In each case tube feedings introduced into the stomacli escape m 

from the cervical esophagostomy. _ niediastiimm 

We feel that early cases of traumatic fistulas should have drainage o fggjjngs. 
and that nutrition can usually be maintained by Levine tube and intravenous 
Concerning the remarks of Dr. Adams, the posterolateral transpleun 
used in 3 of our 4 cases, and a combined ccrvicomedinstinnl npproacli in the the 

with Dr. Haight that small fistulas should be treated first hy local enu er 
larger ones subjected to direct surgical closure. . g^fed fowig" 

The fistulas in our 4 cases were all large. In 2 the etiology "as an jyjjerculons 
body, one a small nail and the otlier a chicken bone. The third case was nodulM tm'^ 

in origin as the left upper lobe of the lung was studded with small ca ci foortb 

many calcified tracheobronchial lymph glands were present. Tlie etio ogy 
case could not be determined. 
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The advaiUflgcs of the light transpleural approach are; 

1. Par better access to the upper ta-o-thirds of the thoracic esophagus. 

2. Only the azygos vein lias to be divided to lay hare the entire esophagus. 

3. The aortic arch, instead of an obstacle, becomes a safety barrier between 
the surgeon and the other pteiirat cavity. Instead of separating the 



riB. I.—SomliUaEranimatlc Ulmtratlon or tho end reiult after the right thoracic approach to 
the effOpbacuB (second state). 

esophagus or its neoplasm bluntly and blindly from behind the arch, it 
Can be dissected under full vision. 

lu 1948, Macmanus' reported the application of tho combined abdominal 
and right thoracic approach of Leivis in two patients and advocated its use for 



560 


THE JOURNAL OP THORACIC SURGERY 


above the carcinoma, the esophagus being divided after the first posterior layer 
of sutures has been completed (Fig. 2). A catheter is placed at the anastomosis 
line and brought out through an intercostal stabwound to be attached to a 
water-seal drain. Lewis predicted that both stages could be done at the same 
time in patients who are exceptional risks for surgerjL 



The advantages of the abdominal apioroach were enumerated by L 
follows: 

1. A far more satisfactory exploration of the abdomen can 

2. A jejunostomy can be performed and is of ^reat ue in 

nutrition and hj^dration between stages and maintaining a second 

the immediate postoperative period following completion o 

stage. 
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Since tliis first success, tlie Loins operation lias licen planned in tlio 
surgical treatment of seventeen patients having carcinoma of the middle or 
upper third of the esophagus. The results arc summarized in table form (Table 
I). As can be seen, all patients u'ero male, onlj- two were less than 60 years of 
age, all had experienced symptoms for several weeks or longer, and every one 
had reached the stage of obstruction at which only water would pass, and this 
with difficulty in some. Only two patients in the group were considered to be 
good surgical risks. There wore five surgical deaths, three after the abdominal 
stage and two after the thoracic stage. All five deaths occurred within the first 
twenty-four hours after operation. Pour patients received the first stage opera¬ 
tion hut could not be prepared successfully to witlistand the thoracic stage and 
all four were subsctiuently released from the hospital. Four patients were 
found to be not resectable at the thoracic stage, three because of the extent of 
the disease and one liecaiLse of cardiac disoi-ders which precluded resection of an 
operable carcinoma at the level of the azygos vein. All patients in this series 
had experienced weight loss vaiw'ing lictwcen sixteen and seventy pounds. 
Several of these patients were found to have metastases in the left gastric nodes 
at the time of the abdominal stage, but in no such instance was the definitive 
plan interrupted because of this finding alone. Twelve patients had lesions of 
the middle third of the csopliagus (Fig. 5) while only five were found present in 
the lower portion of the upper third (Fig. 6). In these latter patients, anasto¬ 
mosis to the upper third of the esophagus was necessarj- in order that it might 
he transected well above the lesion. 


Tabus I. TAnuuTio.v op Factoiis in Seventeen Patients IlAnso Carctnoua in tde 
Middle and Uiter Tdiuds of the Ehopiiaods 


CASE 

NTIMBEn 

REX 

AOE 

(TIL) 

DURATION or 
SYMPTOUH 
(MO.) 

I.CVEIa 

OF 

I.K8I0N 

REflUI.T 

1 

M 

62 

6 

Middle 

Buceeaafnl 

2 

M 

60 

4¥j 

Upper 

Death after first stage 

3 

M 

00 

3 

Mlddlo 

Successful 

4 


71 

4 

Middle 

Inoperable at second stage 

'5 


01 

o 

ICddJe 

Death after first stage 

0 

11 

08 

3 

Upper 

Death after second stage 

7 

M 

00 

o 

Middle 

Soccossfol 

8 

M • 

05 

4% 

Upper 

Inoperable at second stage 

9 

M 

69 


Middle 

Death after first stage 

10 

M 

71 

3% 

Middle 

Inoperable at second stage 

11 

1[ 

02 

4% 

Middle 

Death after eecond stage 

12 

M 

67 

o 

Upper 

Successful 

13 

M 

00 

1^ 

lliddlo 

Second stage not nndertohen 

14 

M 

69 

3% 

Middle 

Second stage not undertaken 

16 

M 

04 

2% 

inddle 

Second stage not undertaken 

10 

M 

03 

5 

Upper 

Second stage not undertaken 

17 

M 

01 

2% 

Miadlo 

Inoperable at second stage 


It is obvious that in this group of seventeen individuals having esophageal 
carcinoma the indications for surgerj' have been extended well beyond the scope 
of conservatism. This is not tj^iical of the general philosophy of either author 
for the treatment of carcinoma in most situations. However, we agree with 
many contributors to the literature on this subject tliat a rather radical .view- 
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lesions of the lower third as well as for the middle third of the esophagus. The 
only addition to the technique of Lewis was di^^sion of the right crus of the 
diaphragm at the time the abdominal stage was done. 

In August, 1947, we elected to follow the technique of Lewas in the man¬ 
agement of an extensive lye stricture which necessitated anastomosis of the 
stomach to the upper third of the esophagus. The patient had been fed hy 
gastrostomy for twenty-five yeai-s and tlie esophageal lumen had been completely 
obliterated for many of these year's (Fig. 3). xVlthough the result has been 
extremely satisfactory (Fig. 4), it mrrst be stated that there were difficulties of 
considerable magnitude along the way. Horvever, none of these wei'c peculiar 
to this type of surgery but represeirted hazards which the operator must be 
prepared to eireounter irr performing any major surgical procedure. As things 



, Fig. I., 

^ linilt of 

Fig. 3.—Lye stricture of Uie esophagus showing diiatcU iunwn cm. , , 

stricture. There was no other iunien in the esophagus except In tne m esophagus ® 
Fig. 4.—^Roentgenogram showing end result after 
right-sided anastomosis of the stomach to Uie upper esophageal stumj/. 

stand now, tliis patient is able to eat any foods by mouth 
tomosis stoma is small and we would like to enlarge it. We have 
to design a crushing clamp which might be placed on the ciicum a. 

anastomosis in such a fashion as to enlarge the orifice wit on and 

thoracotomy. In an instance such as this, the gastrostomy mus 
this was done at the fii'st or abdominal stage. 





FIr. 7. 



FIk. 8. 

(f^^ntoropo»torlor jind «hpwi^ ca^ooma In the middle 


- --v csophaRBi. 
"t Iho flr»t BtHBO. 


Thl* patient had a poaterlor cnatrojejunoatomy which .we# taken down 


hemia^nS'—^yi^sropoaterfor and lateral roent«ono*Tanui ahowlne a ■hort caophaim#. a hlatu# 
level of bifurcation of the trachea. Thl# prwed to 
ooardnoma orUlnp at the cardia of- the stomach which was situated In the mldthomx. 





564 


THE JOURNAL OF THORACIC SURGERY 


point is thoroughly warranted. In some instances palliation alone was soaglit 
for. Success in this brings rewards of veiy appreciable magnitude to the 
patient. On other occasions poor-risk patients have been accepted for surgerr 
in the belief that death from untreated carcinoma of the esophagus, with or 
wdthout gastrostomy, is a terrible ordeal for both the victim and his family. 

As our experience has increased in the management of such cases, it has 
been our tendency to omit the jejunostomy originally advised by Leivis. Tliis 
has been based u])on our inability to produce good results in improidiig nutritiou 
thereby. We have also tried to reduce the interval betw’cen stages as much as 
possible, in one instance to twenty-four houi-s, but in general to a period of from 
three to seven days, depending, of eoui-se, upon the condition of the patient. AVe 



Pier S • Flff. 6. 

t middle thlnl 

FI&. 5.—RoentgenogTam demonstrating typical appearance of carcinoma 
of esophagus. pj esophagus- 

Fig. 6.—Roentgenogram showing carcinoma In lower porUon of upper 

agree wdth both Lewis and Macmanus that it ivoidd be preferable to ac 
both stages at one operation, but in no instance to date has this d 

There are ttvo principal reasons for our efforts to reduce the ^Ije 

minimum. First, the longer the second stage is put off, tlie moic a 
stomach becomes within the abdomen; and second, our ^l^serva- 

good results wdth the use of a jejunostomy has been coupled wut i ® jjjc 
tion that the condition of the patient sometimes tends to detenora e 
interval. 
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SUMMARY 

Experiences in tlie surgical ninnngemcnt of one patient linving n lye stric¬ 
ture of the esophagus and seventeen patients presenting carcinoma of tJ)c middle 
or upper thirds of the same structui-e Imve lieen reporied. The combined ab¬ 
dominal and right thoracic approach de\dsed by Ivor Le\vis has been employed 
in each instance. Except for the value of jcjunostomy, the advantages of this 
method, cited by Lajuis, liavo been borne out in our ou'n experience. Since suc¬ 
cessful surgical attack upon sneb le.sions of the esophagits is of 1 ‘ecent origin, 
the methods available to us have not l>con explored fully as yet. This technique, 
in .our opinion, warrants \ridcsprcnd application so that its place in our 
armamentarium may be ascertained. 
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4. Sfaemnnaj*, J. K.; Surgen.- 24: 0, 1048. 

DISCI TSSION 

PB. RrOIIARD S^\’EET, Boston.— T boliove tiint Dr. Kent’s erperlenre presents a wrv 
ample demonstration of my opinion thnt this opomtlon has nlmoat no merit whatsoever. I 
hare long been of the opinion that It would prraont troublrsome difflenlties as he lias shown 
and deserilx^l in Ills 17 caso}«. It Is almost trite to any that the most obrions objection to it 
is that, once having put the patient through an extensive abdominal operation for the 
mobUiation of the entire stomach, the surgeon then subjects the patient to another serious 
operation and finds, as ho did in several of his pntients, that the disease is hopeless and that 
the patient most therefore lie eondcmneil to go without relief. 

He has himself discovered whnt I learned long ago. tlmt a jejuaostomy Is of no nso 
or may even present certain objections In the nuinagenicnt of these patients. Any patient 
who is so ill thnt he appears to require a Jejuiiosfomy should not be operated upon. Further^ 
niore, the contention of Mr. Ivor Lewis tlmt the abdominal dissection can be better done 
through an abdominal incision is wrong. It can bo done much more enaily and moro 

thoroughly through a thoracic or, as Ur. Garlock Ims done, through on abdominothomeic 

incisioiu 

It seems to me that Dr, Kent’s mortality is too high, but that may be, as he says, 
he has chosen to operate on very advanced cases, and he has a small series. Of 
^<«Jrse, any small scries is apt to be weighted accidentally by unfortunate occnirences. I 
do not know what hU resectability is going to turn out to be when ho has done 100 or more 
of these cases. I might say as a matter of interest that working through the left side (and 
I realUe that it is more dilBcult technicnlJy—otill a surgeon must overcome certain technical 
dlfaculties—) in my experience at the Massachusetts Oeneml Hospital, operating on every 
patient who was considered to be well enough, it has been possible to resect the tumor in 
Doid-e*ophngeal patients in 72 per cent of cases explored. 

If I were to do combined operotion I would do it in one stage; turning the patient, 

and performing the thoracic portion immediately. As Dr. Kent has learned, Inter- 

^ting an operation of this sort for a period of days increases the difficulties. 

If Ur. Kent or Mr. Lewis can show two things, I will bo willing to change my opinion; 
^ that his operative mortality Is lower than mine; and the other is, that the long 
turvivnl of the patients is greater. Until then I shall do it my way. 
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Two of the patients in this series presented unusual conditions. The first 
of these, a male patient 52 yeai-s of age who had had s.mptoms for five months, 
presented an epidemoid carcinoma of the middle third of the esophagus (Pig. 
7). The unusual feature in this instance was ar high, short loop, posterior 
sastrojejunostomy which had been performed fourteen years prenously for 
duodenal ulcer. It was necessary to take down this gastrojejunostomy during 
the abdominal stage. 

The second patient presenting an unu.sual feature was a man 61 years of 
age. He had experienced dy'sphagia for two months hrrt had been losing weight 
for eiglit morrths. There was, in addition, pronounced hypertension with im¬ 
paired cardiac frrnction. An esophagram revealed an obstnrcting lesion of the 
middle third of the esophagus at the level of the bifurcation of the trachea witli 
a hiatus hernia (Fig. 8). Esophagoscopy showed the lesion to he well up in t e 
middle thii-d of the esophagus and bronchoscopy demoirstrated no evidence of 
invasion at the cariira. The biopsy which was takeir at the time of esophagoscop.v 
r’evealed adenocarcinoma and normal gastruc mucosa. We could not un 
these observations hr tissire obtained at the level of the sixth dorsal rente ra an 
repeated both the radiographic studies and esophago.scopy with identica re^ ^ 
This is the only patient in the entire gr’oup who was fotmd to are a en 
carcinoma. The explanatiorr was not revealed until laparotomy rvas pe orn 
and the fir-st stage had been undertaken. A large hiatus was piTsen w 
would adnrit tire hand, and the cardiac end of the stomach was ig i 
mediastinum, rather tubular in shape, and conical at the cardia. 
rvas obr-iously very short and the cardia lay in the niidthorax. e e 
artery disappeared into the hiatus hernia for some distance he ore rTae 
stomach. The carcinoma had arisen at the cardia and rvas gastnc m 
Unfortrrnately, this was one of the patients who did not survive re ^ 
and again rmfortunately, autop.sy was refused and this imusua spec 

We agree that Lervis has made a strong case for his operation a 
found his contentions to have been correct save for our ar ure 
favorable results from jejunostonry. There is no question pan h® 

to the esophagus is mrrch better on the right side and that e^o ^ abdorain®' 
mobilized in its entirety rrrith much greater ease than on t e e . jjjgjjpated it 
stage has, horvever, been rather more tedious for us than Lervis 5 ^onia<^ 

to be. We have found it quite difficult to mobilize the upper en ^gpjj 

and the lorver esophagus in most instances. This part of t e oper ^^g), 

formd to be of considerable magnitude as has been shorvn ly fPe 

have occurred thereafter and by our inability to complete o of 

same time thus far. To our minds, the question rests upon to 

balancing these difficulties against the gr-eat advantages o outweigh the 

the esophagus on the right side. We have ^ that this pre- 

former. We are not prepared, how'ever, to agree mth i a 
cedure should replace the left thoraeie approach for lesions 
of the esophagus. 
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from least, for a right-handed operator, to anantomoso the atomneh to a short esophagus in 
the right clicst ii touch easier than In the left chest. I think Dr. Sweet himself has said 
that the technical difBcnlty of making an extremely hlgli anastomosis in the left chest is 
very great. You \rill not find tliat to bo true in tlio right cheat. 


DB. JOHN IT. GIBBON, Jr., Philadelphia.—I have been much interested in this dis* 
cusaion and I most wvy I agree completely with Dr. Sweet and I>r. Garlock. I take it that 
one of the reasons for proposing this operation is the dlfScultj’ of nmking an anastomosis 
high in the chest, that is, a supra-aortic anastomosis on the left side. The mortality in thal 
groap is certainly higher than with lesions that lie below the arch, where tlie anastomosis 
can be made verj- easily on tho left side. Dr. flweet and Pr. Garlock hare l>oth reported 
cervical esopliagognstrostomies; Dr, Oarlock’s patients unfortunately died early, bat Dr. 
Sweet’s patient lived. Dr. L>Tnan Brower of T.as Angeles has recently reported snch n 
case, and so has Pr. ‘U’ylle of New York. Dr. Frank AJlbritten and myself have recently 
had 3 cases of cervical cfiophagognBtrftstoniy. One of tliese patients dle<l, the other 2 are 
living and well at present. 

The anastomosis is much easier in the neck than it Is high in the chest. One of our 
successful cases was a complete esophagectomy. The man is still living five months later, 
in good health except that he has a carcinoma of tho rectum which he re/usos to have operated 
npon. It was a total csoplingoctomy, anastomosing the stomach to the pharynx. I think 
the feasibility of these cervical anastomoses for lesions in tlie upper third of the esophagus 
does away witli tho arguments ndmnoed for the approach from the right side of tho chest. 


PB. J. II, OIIAMBERLATN, New York.—It takes a bravo man to stand up at this 
time and defend Dr. Kent, especially after Dr. Oarlock and Pr. Sweet’s opening discussion. 
I Imagine that it is bocanso of my comparatively small experience that I have the courage 
to do BO. I just want to mention two small points. I should like to emplmslie the importance 
of preserving the intact diaphragm to which Dr. Paine has already referred. Many of these 
patients, os you all know, have a verj' low respiratory reserve, either because of emphysema 
or later becauso of gome postoporative compllcntion. and n good tochnirnl result may be a 
clinical failure simply bemuse of respiratory insufficiency. Brondiial peristalsis and the 
oougli mechanism arc Nature's protection against these postoperative complications, and the 
diaphragm of course is axtremely important in both. If the diaphragm is crippled by Dr. 
Sweet’s operation, it is conceivable tliat some of these patients are lost simply because of 
pulmonary complications, os has happened in one of our cases. "We have used fluoroscopy on 
many of our patients on the first postoperative day, and Uie lateral half of the diaphragm 
does not move and the medial half moves but slightly, so there Is no doubt that the diaphragm 
is crippled as tho result of the tlioracoabdomlnal approach. 


ily second point is in defense of the right-sided approach and has to do with tlie 
fwectability of the high lesion. For a long time I avoided the right-sided approach because 
I disliked putting the patient through a major abdominal stage only to find, upon opening 
the chest, that the tumor could not bo resected. It is a matter of mental gjTunastics, 
®«^Uy, to change n wliolo pldlosophy and assume that they are nil operable or the ob- 
itruetioa can be shunted. Dr. Pool got around this by anastomosing the stomach above tho 
lesion regardleas of whether or not tlie tumor is removable. Bo in our last several cases 
^ liave assumed that all cases oro resectable, not 33 out of 60, which is about 50 per cent, 
^ not 7£ out of 100—but all are resectable in tho sense that if tho stomach can be 
moblUieii anastomosis may bo accomplished above tlio lesion. As much of the lesion 
^ possible is then removed. We do both stages Immediately. Tho stomach is brought up 
the hiatus, without opening tlie cruxj and the “shunt” is done regardless of 
■«^hether all the cancer is removed or not. The older surgeons here probably have nothing but 
<»ntciiipt for the gastrostomy procedure but the shunting operation, at least in our small 
'p’^rience, has led na to believe that the patient lives three to six months more happily than 
^onld with a gastroetomy. 
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DR. JOHN fr. GARLOCK. New York.—I feel exnctly ns Dr. Sweet does, alflioucli I do 
not think I could put it ns succintly ns he did. "Wliilc I wns in London in 1947, 1 talked to 
Mr. Lewis nhout this operation nnd he indicated that the great difhcnlty in this ripht-sided 
approach with the preliminary- abdominal exploration and mobilization of the stomacli, re¬ 
sulted frequently in the finding at the second stage of a hopelessly inoperable lesion rrhifh 
could not even be given the benefit of palliative resection. My main objections are two; tie 
first I have already indicated; the second is that you face the patient with a real operative 
risk in the mobilization operation done at the first stage. Instead of accomplishiag the 
operation in one stage, you give the patient two risks of major proportions. 


DR. JOHN POOL, New York.—I would like to report an experience of six oases in 
which this procedure was done, in four of whom the lesion was resectable and in hvo of 
whom, where the lesion was not rc.scctable, a by-pass procedure was carried out so that the 
patient was left with a continuity of digestive tract, and the operation was not, therefore, 
without benefit to the patient. (Slides.) 

I have here, just for comparison, two patients in whom the left approach for the lower 
quarter of the esophagus, approach through the left side of the thorax, did not allow re¬ 
section of the esophageal carcinoma, but by simple mobilization of the fundus of the atomach 
through the diaphragm a by-pass anastomosis could be effected at this point and continnity 
restored. You can see some reflux of barium in the distal esophagus at this point. Here, 
also is another demonstration of such a by-pass, with again reflux of barium in the inferior 

portion of the esophagus. I do not believe that this procedure has materially prolonged 

life in these patients; they both survived approximately six months, but during tliat toe 
they were able to swallow and there was not recurrence to the point of blockage of t e 
carcinoma at the level of the anastomo.ois although it was quite close to the upper linn o 
the disease. This slide will show you a very extensive carcinoma in whieli-the Ivor ™ 
procedure was carried out. It wns not po.ssible on exploring the chest to 

carcinoma, but the stomach could be brought up nnd an anastomosis perform o ''® 

level of the carcinoma. This was done in one stage. 

DR. J. R. PAINE, Buffalo.—I am sorry my colleague Dr. Mnemanus is not hete^^^ 
discuss this paper. I also hope that Dr. Sweet and I do not cease to be 
hope that he has tried a right side approach when he speaks ns he has. I ^ 

impression Dr. Sweet had, largely because I followed his writings on the ^ pooled 
tried it. Dr. McManus convinced me that it wns a worth-while procedure. o 


our efforts, and I would like to show you our results. 


yVe have hecn 


We have operated upon CO patients with carcinoma of the esophagus. e ^ 
able to resect 33. There have becu 7 deaths in the total number. We have 
abdominal right thoracic approach in 27 patients, and of the 27 we have been a 
in 17. Only 2 of the 27 have been done in two stages; 25 have been done^ ps they 

That makes a rather long operation but the patients have stood it, I tlu , a pj. 

would any tj-pe of operation. There are very difinite disadvantages an nientiond- 

vantages to this operation. The two major disadvantages have we 

A major surgical procedure is performed before resectability is deterimn tppiors- 

times do major surgical procedures before we determine the if that is® 

An adequate closure of the hiatus about the stomach is very- difficult, the hiatus 

disadvantage. In the majority of our cases we have made no attempt o^- ^ 
to the pyloric portion of the stomach after it has been brought into t ® ^ esophagu® way 
There are definite advantages, too; a very adequate amount of ^^tli phmu'' 

be removed without increasing the difficulty or mortality of the opera The 

nerves and diapliragm remain intact, nnd that, we think, is a very iJiomx is opeu®^ 

respiratory mechanism is left as complete ns possible after operation. gjiorter puo®*' 

for a shorter time, thus disturbing the cardiorespiratory mechanics or a jggat, of 
than when using the left approach. The incidence, in our aortic avch is 1®^' 

operative atelectasis and pneumonitis has been less. Interference ^„gt, but fu’’ 

In only 3 instances have we had any trouble with cardiac irregu nritj. 
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tabe WM then ren<lily availnblo in the pncumotliomx ^pnco at the second rtnpe and made the 
teclinique simplined. Tliis mlplit l>c iiolpfnl if n two-ntn^^, right-sided approach n« reported 
is to 1)6 employetl. 

However, ob the various advances in esophageal snrgery developed it was found that 
high anastomosos could be accomplished without the use of reversed gastric tubes. The first 
total thoracic esophagectomies and esophagognstric anastomoses performed by me were 
also accomplished by utUialng two incisions, first an abdominal one and then a thoracic one, 
done in one stage. The use of two incisions was also found to Iw time consuming and un¬ 
necessary. Adequate exposure for both the thoracic and nlxlominnl aspects of the operation 
can be obtained through the tlioraclc Incision. The exposure is through tiie bed of the 
sixth rib. Occaaionnlly additional exposure for the abdominal aspect is obtained by resect¬ 
ing the seventh rib anteriorly and moving the self-retaining retractor forward. It is also 
possible to resect the fifth rib posteriorly to allow bettor exposure for the anastomosis, 

Tliirtocn total thoracic esophagectomies and anastomoses performed at the apex of 
the chest os well as one performed at the level of the plmr-mx have been accomplished in 
this manner udtli wlmt was felt to Iw adequate exposure. 

DR. Vk. EMORY BURNETT, Pliiladelpbla.—1 should like to bring to your attention 
sometliing whicli I am sure many of you have trietl iii the exposure of tlic high anastomosis 
on the left. After doing tlio ranl)ilisatlon through tlie seventh, eightli, or nineth ribs as 
usual, then finding it difficult to reach the high level, we have, on t\\o occaBions made another 
incision tlirougli the resected third rib l>ed and found it n)ade the anastomosis considerably 
wrier; it apparently did not increase the risk altliough it might be preferable to have a 
fairly good risk patient for extending the operation in that way. However, it shortens the 
time of anastomosis and this comiwnsates for the extra incision. 

DR. HABBISON. —It is presumptuous to make any further comment on this subject, 
I realUfl it is highly controvcnrinl and difficult to evaluate, I feel very strongly that Dr. 
Sweet should try some of these because I would like to sec what liis technical skill would 
accomplish in that operation and to liave some comments from that side. Certainly the only 

adrantage* that I can sec nro the bettor irsertability of tl>o lesion from the right with 
the aortic arcJi out of the uTiy, better resectability from the viewpoint of cancer surgery. 
The one-stage operation is oliviously tho best, and we have attempted it, but it luuj been o 
•luestion of poor-risk patients who were not able to stand it. 

DR, KENT.—There is no reason for me to itpeak except tliat I must acknowledge and 
share wltli Dr. llarbison tlie criticism which has been directed at tills presentation. We 
are fnlly aware tliat the results shown lier© tmlny provide excellent ammxmition for critical 
attack, nevertheless we persist in our opinion that these results ere due primarily to the 
poor selection of patients for surgerj', or rather, to tlie acceptance of poor-risk patients for 
ope rati on. 

We expected sharp criticism, we welcomed it, and we would luxvo been disappointed 
had it not been forthcoming. Wo believe that in recent years tho meetings of this Associ¬ 
ation have changed in many respects and thot one of the more serious dlfforencos has been 
Ihe eonsistantly agreeable character of onr discuasion from the floor. We are happy to have 
hcen responsible for a revival of such spirited discussion. 



570 


the journal op thoracic surgery 
pR. JULIAN JOHNSON Pl.iin i i t 

~rrHESS 

DK. CHARLES P. BAILPV w 

afforded for lugh anastomosis. Pylorus, greater length L» 

2 c«,M •*77o°7^l77,,rL'mf 7 "”f»«"»«'elj aia not e.d b.ppll, I. 

about two.lbirf, „opl,«„s, n„d „i !, "«1“ * "“S' tumor occupying 

the ^ I believe it 'coi ?d ^ of operation it was adherent to the aith 

»e left side. i mug^ * <^ould not have been removed had we gone in on 

good idea to go in on the left s.de^n suel n-ondered whether it would not be a 

to take it out. However, no did ” e" " .-on would not be tempted 

op lagogastrostomy with ease The wnf O'-t'-Pnting the tumor and establishing an 
d>ed, apparently of a cardiac eomo enf ”, hi’enty-four hours, then sufllenly 

obstruction for some weeks prior t^ ®0"onsly ill man and had had an 

The second to surgery. 

Anastomosis was estawSied "bT condition who had a high esophageal lesion, 

proach, and the patient was in'o-nnri one-stage, right-sided thoracoabdominal ap- 

owever, he turned quite vellnn- j 'I”” * o^ the procedure. The neit day, 

transfusion reaction, and dinR ®*^tl the signs of uncontrollable hemolytic blood 
excellent primary healinp of tl ^*‘'‘t cause. At autop^ we found an 

to be good. ^'^lastomosiB, and everything about the operation seemed 

I thought it best to 

Such a procedure. i hope w ~ oases because no one seems to have performed quite 

Afeanwhile, a detailed accn,,,,! ” ®“cce8s with our approach in the future. 

teclmique is being prepared for publication. 

anastomosis, l spent^so^c' ^.®'’^tand.—To solve the problem of high esophagogastric 
find a teclmique apDlicnbio axperinientnl laboratory in 1941, in an attempt to 

. , The Orel ne,2 e„t “® '“e'»S»e»»lrie a.,eto»o,i,. 
divided into two staees ^ Th^ reversed gastric tubes. The operation wm 

gastric tube through an bJ stage consisted of fashioning a reversed BecIcJiiaa’ 

days later consisted of a^nmal incision. The second stage performed seven to fourteen 
then brought tliroup-h fu esophagus. The previously prepared gastric tube rwe 

The 

about the previously mobT '*'ery difficult because of the development of adhesion 

procedure was attempted * gastric tube. In one patient upon whom this 

The increased teclmical d/ffi^ 'esions prevented adequate mobilization of the gastric tube. 

staged procedure ns caused by adhesions is a very definite criticism of any brO' 

Tn on,-,- * this paper, 

lo obviate this difflcnlt-p +i ^ 7 

inserted throueh the dinr,i,, ^ 'f ®P®-^tion was then changed so that the gastric tube irm 

ugm into a pnenmothroax space within the chest The gastric 
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Kcgnrica’ olwen'ntions inny vcrj- well be i'epciitc<l nt this time: “It is 
probable that the cnjiillnry-likc niinstomasis at the cai'dia offers a marked 
resistance to the flow of blood from the portal to tlie 8.A*stemic veins as in the 
case when the portal circulation becomes obstructed. In such instances the 
increase of venous pressure must exert itself upon the veins below the cardia 
for some time before the resistance of tbe cardia is overcome. Varices result 
from an increased flow of blood through a vein and an inability of the muscular 
and clastic fibers to unthstnnd an increased intravenous pressure at the cardia; 
and as has been noted previously, the submucous veins of the csoi)hngus are 
well supported and it is ren.sonnble to believe that the formation of varices first 
occurs below the cardia and secondly above that point after collatci’al channels 
of the anastomosis liavc been established. Where xercral veins of large caliber 
cross the cardia, ihe fonnaiion of varices above the cardia is probably more 
rapid. When present they are no donhl the first veins ni the region of the 
cardia to become enlarge^.** 

Tlicit} is no nec<l in this paper to enter into any extended discussion con¬ 
cerning the causative factors in the production of portal hypertension. "Whether 
the cause is intmliopatic (cirrhosis of the liver) or cxtmhcpatie (thromboses 
of the spenic and/or portal veins, cavernomntous transformation of the portal 
vein, external portal vein compression, etc.) the effect is the same and is 
measured in terms of a markedly increased pressure ^^^tlnn the portal venous 
s>Trtcm. The finding of venous dilatations, whether they be located at the 
cardia and lower esophagus, in the hemoiThoidal ni*ea, along the falciform liga¬ 
ment of the liver or the retroperitoneal area, is endence of an attempt at 
establishing a coniponsatory meclianisni, the main purpose of winch is to reduce 
the pressure in the greater aplanelmic ai*en and portal bed by shunting blood 
into the CQval system. All ol)son'ors of the general s>'mptom-complex of portal 
hypertension arc agreed that the mast alarming .s;innptom, one prone to cause 
death of the patient quickly, is bleeding from esophageal varices. Therofore, all 
therapeutic efforts have been diluted towards clinimating or greatly minimizing 
this all too frequently fatal complication. 

Since 1894, when Banti first .suggested splenectomy, many remedies have 
suggested and tried. These included: (1) omentopexy; (2) portoeaval 
anastomosis, first successfully consummated by Vidal in 1903; (3) various vein 
anastomoses; (4) ligation of various gastric vessels; (5) injection of sclerosing 
aolutions into esopliageol varices, first performed by Crafoord and later po]ni- 
larizcd by lloersch; (6) suture and nonsutui'C anastomoses l>etween portal vein 
and inferior vena cava and splenic to renal veins; (7) extensive gastric resection 
(AVangenstcen); and (8) total gastrectomy (Phomistcr and Ilumphreyfl). 

Host of these measures have long since been abandoned Ijecause they were 
found to be ineffectual in controlling the bleeding. The portoeaval shunt opern- 
bon and the splenorenal vein anastomosis, advocated by Blakomoro and AVhipple, 
^vc more physiologic ba.sis than any procedure heretofore suggested. Yet, 
these more logical operations arc time consuming and caiTj' witli thorn 
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FURTHER OBSERVATIONS ON PACKING OP ]\IEDIASTINIIM FOE 

ESOPHAGEAL VARICES 

John H. Garlock, M.D., and (by INA^TATION) Max L, Som, M.D. 

New York, N. Y. 

I N NO^TiMBER, 1947, we reported our experience with two cases of severe 
bleeding due to variees of the esophagus treated hy gauze packing of fte 
upper thoracic mediastinum. The purpose of this pi-ocedure was the formation 
of granulation tissue in the mediastinum surrounding the upper thoracic 
esophagus in the hope that there would develop in this tissue an e.densive 
periesophageal venous plexus capable of taking the load from and I'ednemg 
the pressure in the varices themselves, thus sliunting more oo . 

portal to tire caval circulation. Experiences with six additional patients, eigi 

in all, form the basis of this report. . . 

It is important to stress the pathologic anatomy of the venous oc'a 
portal hypertension, especially in the light of the observations ma e J 
sk>’ in a recent article ])uhlishcd in Surgery. It seems to us t la le 
important area of contention center's ahorrt the cardiac end o tie om 
lower esophagus. It is well Imowm that, except in I 

esophageal veins drain into the caval system and the veins in le up 
einiity into tlie portal system, mainly through the left i _ggl ^nd 

also exists a fine anastomotic connection between the over ^o 

cardial veins, thus uniting the portal and caval ^ flpfinitely'estab- 

can lie no doubt. The injection studies of Kegaries, m 1934, d i 
lished this. These anastomotic channels lie in both tie surmu 
muscular areas, as do also the regularly demonstrate veins 
esophagus and upper stomach. whether 

It is also well knovm that not every case of ^ from esopha- 

of intrahepatic or extrahepatic origin, is complicated rj is to he 

geal varices. It seems clear to us, therefore, that the the caval 

foimd in the extent and degree of the anastomotic netwoi ^ 

and portal systems at the cardial and lower esophagea (blatation of 

developed communicating network, the chances for compen pj.gsence of a 
the lower esophageal veins would be greatly minimize . ^ n l^g 

rich anastomosis, the increasing pressure in the porta sjs esophog®®* 

mitted more easily through these communicating cliaiine s i ju the 

venous system, thus causing the formation of su jj^pgjisatorj' 

presence of a poorly developed communicating system, le a 2 ygos 
anism in this area takes other directions, mainly ^ . conimuni®®^®’^ 

phragmatic veins. However, it is well knowm that t lese 
may also be poorly developed. vramer, 

. - . ^ Dr. ^ 

From the Surgical Service and the Laryngologlcal Serv ce Thora'^' 

Sinai Hospital. American AssoclaUon 

Head at the Twenty-ninth Annual Mating of The 
Surgery, New Orleans, X>a., March 29-31, 1949. 
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Wo have approached the problem ot bleeding from esophageal varices in a 
more direct tvay in that adAOintago is taken of the communicating sv'stem at 
the cardia between the portal and caval circulations by attempting to reroute 
the portal blond from the \nilnorable submucosal varices to a surgically produced 
new periesopbageal venoiLS plexus. The beneficial effect in the first ease was 
obtained quite by accident. This patient sustained a iicrfoiotion of the cen-ical 
esophagus during csophagoscopy for varices following a severe IiepatitLs a year 
before. The infection of the posteiosuperior mediastinum was drained by an¬ 
other surgeon at the hospital through a cciwical incision and packing was 
inserted. The sulrscquent complete alMitemcnt of hemntcme.sis in tins patient led 
to the use of this procedure as a definitive measure in the treatment of bleeding 
from esophageal varices seeondaiy to portal h.’i’pertension. 



■ np. 1.—Upper medltuitlnal packlni? throuch c©r\’lcftl Inclilon. Blunt eeiMraUon of poi»- 
and lateral surface* of eaophairua from prcvertcbral fascia almost to upper surface 
« arch of aorta. 

Since our first report in which it rva-s suggested that packing of the 
Posterosuperior mediastinum should bo tried, we have extended the operation 
to include, as a second stage in selected cases, packing of the entire posterior 
roediastinnm from the arch of the aorta to the diapltragm through a i-ight trans¬ 
pleural approach. Two of our patients have been treated by the latter method. 

The first procedure offers no difficulties in its performance. Through a 
left oblique cervical incision along the anterior border of the stornomastoid 
Wuscle, the retroesophageal area is exposed by retracting the carotid sheath 
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a high operative mortality. It is possible that further experience -ttill indicate 
more clearly which patients should or should not he accorded these operations 
and that eventually the operative mortality will fall to a more reasonable level 


The observations of Wangensteen and Baron of sky are provocative and open 
to considerable discussion. On their assumption that it is unreasonable to be¬ 
lieve that mere hydrostatic distension of the esophageal varices and their 
eventual rupture is the sole cause of the hematemesis, they advance the theorv 
that, because of impairment of nutrition of the mucous membrane overlying the 
varices due to venous pooling, these tissues present a lowered resistance to the 
action of gastric digestive .iuices. The initial factor, therefore, becomes a 
chemical destruction of the impaired mucous membrane, followed subsequently 
by rupture of the unprotected varices. They, therefore, recommend abnost 
total gastrectomy for three reasons; (1) to remove the acid peptic factor; 

(2) if there is a communication between the portal and caval systems at the 
cardia, then gastrectomy should isolate the esophagus from the portal system; 

(3) gastrectomy reduces the blood inflow into the portal circulation. 


There comes to mind immediately a number of sound reasons why this 
theory is urrtenable. In the fir-st place, on the basis of innumerable direct 
observations of the esophagus throirgh the esophagoseope, one of us (M. L. S.) 
has never seen mucous membrane erosions in this disease which could be inter¬ 
preted as being caused by regurgitation of gastric juice. The latter has been 
observed frequerrtly hr peptic esophagitis arrd benign peptic ulcer of the lower 
esophagus. Second, those of us who have had any^ considerable experience wi 
surgery of the esophagus are well acquahited with the frequent extieine 
friability and remarkable thinness of the mucous membrane of this organ, 
is not difficult to inragine a markedly distended vein beneath such mucous 
brane giving wa.v rmder the repeated trauma of swallowing large or 
boluses of food. This we believe to be the logical mechani.sm of ,!astric 

this condition. Third, it is difficult for us to under-stand wdiy a 
resection or a total gastrectomy should separate the portal ^ses h 

circulations. The jejunum, which is utilized in effecting these ana 
as much a part of the portal backflow as is the stomach. There is ^ 

to suppose, therefore, that following the gastrectomy', anastomoses ^ 

effected between the jejunum arrd the upper stomach or esop gs 

establishing the connection between the portal and caval systems, na ^ 
most of the esophageal veins are located in the submucosal ar-ea, t e 
sure will be felt again in the varices and hematemesis should recur ^ Qjjjjjc, 

Of the eight patients reported by Baronofsky" from B we^^ 

four died postoperatively. The ease descriptions indicate that after 

very poor operative risks. Of the four srrr-vivors, one died nine ggaond 

a 90 per cent gastric resection following a severe hematemesis. 
patient, a boy 3 year-s of age, had one bleeding episode further 

months after a 98 per cent gastric resection. The third as patient 

bleeding for two year-s following a 95 per cent resection. ^ months, 
had a total gastrectomy and has remained symptom free tor 
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FIc. 4.—Paokln* of poktorlor medtatllnuro. RIchl tranjplouml approudi with or with- 
put r c Mctlon of eevcnth rib. Lone incision In medloatlnal pleum overlying esophogui. ra*n- 
lonlnp of two flaps of pleura to bo used for flnal closure. 



^ Pie. E—Throe .trip, of one Inch .kiBle UilckneM h™ 

In loncttudlnal dlreiUon. Tlie emersinit onfl. ore drit™ teneatt Inte^ i 5„h 

flannel created between pariotal pleura and rib cage to emerge from chest wall in a sub¬ 
jacent intercostal space. 
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laterally and the thyi’oid lobe mesiaily. The lateral and posterior surfaces of 
the esophagus are hhuitly separated fi'om the prevertebral fascia as far down 
in tlie niediastinm as the finger will i-cach, usually hi the neighborhood of the 
arch of the aorta. Into this space is packed diy plain gauze, not too tightly, 



Esoph. 


Kig. 2. —Insertion of plain gauze packing into space created by blunt dissection. 
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chest is closed without drainnpe after inflation of the lung. The packings may 
l>e teased out of the stab wound without difficulty after twelve to fourteen days. 
AYc ]>clievc the latter should he done witli the patient anesthetized (intravenous 
pentothnl) (Figs. 4, 6, and C). 


CASE REPORTS 

Case 1 (No. 474037,- prcWouFly rcportoipo).—B. 8. was admitted to ilt Sinai Hoapital 
in 1040, with n rather wsvero hopatltU. Ho mode a satlsfuotory recorory bnt later began 
to have frequent hematemesep. Ho was roadmittoil on Slay 27, 1041, for efophagoscopy 
after deraonfltratlon of caophngcal rnrice? in the x-ray films (Fig. 7). After some difflcnlty 



^ (Case 1 ).—Preoperative esophnjrram »howiiiff vorieca at lower end of esophafftuu Theite 
were demonstrated on oaophacoscopy. 

io passing the cricopharyngeus mnscle, the tnlw was introduced and the esophagus examined. 
Many bulging varices protruding into the lumen of the lower part of the organ were 
(M.LuS.). The imtient, following withdrawal of the instmmont, complained of 
MTere interwapular pain. A roentgenogram allowed air in the upper posterior mediastinum, 
conUrming the clinical impression of instrumental i>erforation. A cervical medJastinotomy 
performed through a rigiit-slded incision by another surgeon. A large irregular per- 
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|~t “■ r- —• "■ 

C.5S z.“:z-r ”»« - ” "■ 

magnitude and requires me«ciUo,l''d1ssrtior" 

a rib-spreader is inserted, tiL aSn. is entered and 

pleura overlying il.e e-sold. gL “a ^ 

i=«s. A iongitudinal mcisaon is . made along the 



conp 


of pleura shovda^E injure the azygos vein. Tlie flaps 

earefullv frepd r ^ P^^^oi-ved for later use in closure. The esophagus is now 
diaphragm Ti bed from the aortic arch to almost the 

few small vein ^ this maneuver it may be necessary to ligai® ® 

»auze oaelnno- i ^ niediastinum. Three strips of one-inch single-thickness 
bluntly dissected^longitudinally along the esophagus. A channel is now 
mdsof thothTP ® ''^oon the parietal pleura and the rib cage and the long 
deura into H • ^ ^ ''rithdiw^Ti beneath the lateral flap of mediastina 

n fl <mbinppne^- *+ brought out extrapleuraIly thi’ough a stab wonn 

ennirprl tP ®^oostal space. The incision in the mediastinal pleura is now 
epaired, thus effectively covering the ^ophagus and the gauze packings. The 
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of modioatinal packing. At this time the Iiemoglohin wns 4S per cent and the red blood 
cells nombered 3 million. Tho only positive Inbointory test n-as a one pins oephalin floccu¬ 
lation. Esophngoscopy dlfK*losed numerous varices in the lower third of tho esophagus, but 
most prominent in the region of tho mrdin. Tho ejioplmgmm was confirmatory. 

Packing of the postemsuperior mediastinnm was done on Pee. 7, 1045. The parkings 
were removed twelve days later and the patient was discharged. Tie Avas well until February, 
1946, when he passed a largo black stool and hemoglobin dropped to 34 per cent. One 
transfusion of 500 c.c. of blood brought an imme<liate response. He was readmitted on 
April 22, 1940, following another hemorrhage. Hemoglobin this time was 65 per cent. 
Esophogoscopy at this time disclosed nnmerous fibrotic varices around the cardia. It was 
assumed that tho bleeding had its origin In varices of the stomach. He gnine<l forty pounds 
and returned to work. WTicn seen on Jan. 20. 1049, three years after operation, he stated 
during this time he had had six episodes of tarry stools each lasting about a day. There 
had been no repetition of the previously severe hemateniosis. It wns at this time that wo 
had decided to extend the operation to include packing of the lower mediastinum and it wns 
therefore suggested to the i»atienf that this operation 1*0 carried out in his case. He accepted 
with alacrity and wns accordingly readmitted on ilarcli 3. 1949. The operation was per¬ 
formed on ilarch 8, 1940, bv the technique olrendv described. An important observation 
at this time wns tho finding of an extraordinarily oilensive network of vessels in the peri¬ 
esophageal area above tho arch of the aorta, tho site of tho first packing operation. In 
the mediastinum below the arch, there were a few veins which required ligation for proper 
raoblUiatlon of tlie esophagus. 

Noic .—From tho history, there is the strong probnbiLity tliat this patient’s 
illnexs wns tranmatic in origin and resulted in a splenic vein thrombosis. The 
histoiy also indicates a large alcoholic intake during the years 1942 to 1944. 
However, there lias never i)ecn any evidence of liver damage to wan'nnt a 
diagnosis of cirrhosis. It is, of course, too soon to make any statement ooncem- 
ing the effect of the last o])crativo procedure, but there can be no question about 
the ahatement of lieinatcmcsis following tho original packing procedure.* 

Caste 3 (Xo. 675135).—P. 8., aged 20 yenre, wns admitted on Jan. 8, 194S, with tho 
•tory that nine years before, following a revere hematemesis. he was operated upon at an¬ 
other hospital and his spleen wa>* removed for “early Banti’s disease.’' Nino months later 
he had another severe hemorrhage ami it n-as about nt tliis time that extensive varices were 
demonstrated by esoplmgoscopy. During tho sucree<ljng seven years ho had one or two 
^Uodes each year consisting of nausea, sever© hematemesis, and melena requiring multiple 
Dausfusions. In the past year the attacks were more frequent and more severe. Exami- 
itttion was negative except for the abdominal scar. Liver fnnetion tests wore negative and 
the stool contained no blood. Tlie hemoglobin was 47 per cent. The polymorphonuclear 
lencocytes numbered 0,050, but the difTerentinl eonnt was normal. The platelets were 400,000. 
B<»ne marrow studies revealed normoblastic marrow. X-ray examination of the etopliagus 
dl*dosed extensive varices involving the lower third of the organ. 

Packing of the superior mediastinnm was don© on Jan. 13, 194S. Convalescence was 
^thout incident and the packings were removed on the fourteenth day. Tlie patient was 
^^^*^rged on January 2S. 

Poffoto-sp obserraiioM.—On his first return one month Inter, he stated that two weeks 
filter leaving tlie hospital he had had an episode of bleeding requiring tiiree transfosions. 
He recovered quickly. On April 29, 1948, h© stated that he had had no further bleeding 
^ was gaining weight and had returned to work. AVlien seen on Oct. 31, 1948, he stated 

there had been noted during the preceding two weeks a drop in liis liemoglobin to 48 
P'r cent without, however, any evidence of bleeding. The stools were repeatedly guaiac 
negative. It was thought that some typo of blood deatrnction was taking place to explain 

‘Thl* patient has remained well to date, February-. 19B0, with no further episoflea of 
or taro- stools. 
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foration just below the liypophnrjnx was sutured loosely and several gauze packings were 
inserted downward into the mediastinum. The patient made a satisfactory recovery ai3 
has remained well since. Ho has had no bleeding in the succeeding eight and ono-half yean. 
Recent esophagrams show disappearance of the varices (Fig. 8). 











.* <1enionstniE'^ 

Fig. 8 (Case 1).— Esophagram taken one year Posf^r^^p'so'ns. Case Report-) 

varices. Esophagoscopy was not repeated for obvious r 

At the ag® 

Case 2 (No. 548020, previously rcportcdio).—E. B., aged several episo''® 

j'ears, this patient suffered an injury' to his spleen and subsequen y i Hopph®'' '' 

hematemesis and tarry stools. In 1942, after a thorough stu y a^^^ months l!i*®h 

diagnosis of Banti’s disease was made and splenectomy was per therapy 

the hematemesis returned and he was referred to this hospital or my ^jg^joged extensh® 
varices. The first admission was on April 14, 1943. Esop lagosco jjjjectcd. 
varices at 38 cm. from the incisor teeth. Sodium morrhunte so u on August, 11*^^’ 

A second injection was given on May 13, 1943. Ho remained vv ffe 

when he had another severe hemorrhage and his hemoglobiii ropp Inter, 

was readmitted for repented transfusions and was discharg wo conthmed with i®' 

Dnring 1944, he had many morrhuate injections, but tte blee ope®®*''"' 

creasingly shorter free intervals. He was finally admitted on ov. , 
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Dnrin^j tlio following ycnr, tho condition romninod untiafnctory until Nov. 4, 1047, when 
lie lifid a Mvero lilcodlng opl^o<lp, vamitlng a Inrgp nninuiit of liquid and clottM blood. IIo 
vm^ rcadmlttpil on thin dnr nufTcring from nente bloo<l lonn, Tho Iicnioglobin wan 5.7 Gm. 
Following ropcatcfl tmnnfunionn nnd after it wan i*\*idont that bleeding had ntopped for ton 
daya, tho pontcronuporior Tncdinatimim wan packed through a cervical Inclnion on Nov. 8, 
1947. During tho flmt week, convaleftconce wna \'crT atormy by reanon of an extenaive bilateral 
bronchopnetimonia. TTo finally recovered nnd tho packings wore removed on tlie fifteenth 
day poetoporotlvely. There was no further bleeding and tho child was discharged on Dec. 
18, 1947. 

Follow-up OhservatioM .—On ilarch 4, 1048, two and one-half months later, there was 
noted a rather extensive collateral venous engorgemont over the left shoulder, arm, and 
antecnbital fossa, indicating clearly that an increased load was being thrown on the superior 
cnvtl circulation. There had been no farther bleeding. Wlion seen again on April 1, 1948, 
the clilld appeared well and was developing nicely. No bleeding had been noted by the 
parent*. 

On Dec. 14, 1948, he was rcadmltte<l, following a severe hematemesis, accompanied by 
tarry stools. Tlio hemoglobin was 4.5 Om. During tho succeeding ten days, he was given 
3,000 C.C. of blood. Finally, after it was evident that tho bleeding had stopped, packing 
of the thomelc mediastinum was done on Doc. 24, 1948, by tho tedmiqoe already described. 
There was noted marked dilatation nnd tliickenlng of tho esophagus. Approadmately ton 
small veins were seen conralug from esophagus to the mediastinal tissues. An attempt was 
made to presorvo these. Two strips of gauro packing were placed about three quarters of 
the esophageal circumference. He recovered from this operation and the packings were 
removed under anesthesia on the fourteenth day. He was discharged from the hospital on 
Ju. 28, 1949. 

He was readmitted on Feb. 23, 1940, with tho history that four days before he developed 
an upper respiratory infection. Because of the suspicion of whooping cough, ft booster dose 
of pertussis vaccine had been given. One day prior to admwsion, following a severe coughing 
spell, lie vomited a large amount of blood. Following admisaloD, bleeding continued for 
•otno days requiring repeated transfoslons. At the present writing, he is still In the 
hospital but doing nicely. All bleeding lias ceftee<l. 

Note .—It is fair to assume that this child’s basic disease is a cavemomatems 
transformation of tho portal vein. It is well knowTi that this variety of portal 
hypertension is particularly difficult to treat surgically and that the results 
leave much to be desired. It is encouraging to note the extensive collateral 
circulation over the loft shoulder region, suggesting that this was produced by 
the first packing procedure. It is too soon to state tho effect of the second 
operation. A further period of observation is necessary’.* 

Case 6 (580355).—L. L., an Italian mAn, 60 years of age, wob first admitted to the 
in December, 1947, with the story of repeated hematemofli* and progressive ascites 
ot one years’ duration. The work-up disclosed esophageal ^'n^ice8 aud the laboratory findings 
’fftrranted the diagnosis of moderately severe alcoholic cirrhosis. He was treated medically 
*ad finally discharged somewhat improved. The second admission was on May 7, 1948, 
following a large hematemeala. The abdomen was filled with ascitic fltdd for which repeated 
pftracenteees were done. He had repeated opisodas of esophageal bleeding requiring multiple 
transfuiions. Finally, on May 26, packing of tlie superior mediastinum was carried out. 
Following a normal convalescence, the packing was removed on the fourteenth day and the 
Patient was discliarged. 

He wee well until the morning of his third admisBloh, Aug. 10, 1948, when he vomited 
* amount of blood. Extunination showed the presence of extensive ascites and, by 
l^homto ry te»ts, falling liver fnnlrtlon- He continued to bleed for eight days, requiring 

of March 1 . IfBO. the patient eontlnuod to do welL There was one severe bleetUng 
during the latter ps:rt of 1948. 
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this episode. He was last seen on Jan. 20, 1949. He stated that two weeks before he hi 
coughed up without effort a small amount of blood. Tliis was the only episode of bleeding 
in a year. His general condition was excellent and the hemoglobin was 80 per cent. 

Note .—This patient’s portal liypertension is probablj^ of e.xtrahepatie 
origin. That there has been marked amelioration of the symptom of liema- 
temesis there can be no doubt. A longer period of observation is necessary 
before a final appraisal can be made.* 


Case 4 (No. 572G.81).— W. B., aged 61 years, was admitted on Not. 11, 1947, aj an 
obvious case of rather severe alcoholic cirrhosis of three years’ duration with frequent 
episodes of pallor, dyspnea, dizziness, abdominal cramps, and the passage of fany stock 
He had been a patient at Bollenie Hospital and was referred for the packing operation. 
Examination showed a pale, Inyierpneic, chronically ill, elderly man. The liver was eilarged, 
hard and regular in outline. The esophagram disclosed extensive varices involving the lower 
one-half of the organ. At esophagoscopy there were seen numerous varicosities starting at 
28 cm. from the incisor teeth and extending downward to the lower end where a rosette 
formation was found. The blood picture disclosed a severe secondary anemia with a hemo¬ 
globin of 43 per cent. 

After preliminary therapy consisting of proper food intake, vitamin administration, 
and transfusions, packing of the superior mediastinum was done on Nov. 18, 1947. Con¬ 
valescence was uncomplicated except for a mild pulmonary infection which yielded to peni 
cillin therapy. The packings were removed on the fourteenth day and the patient vn. 
discharged soon after. , 

FoUow-up Observations .—Two months later he stated that there had been no 
bleeding. He liad gained weight and had retumed to work. The liver seemed to he 
He was readmitted on Jan. 31, 1948, following the passage of a large tarry stoo ^ 
bleeding stopped following transfusion and he was discharged on February 21. "oo'jqqs' 
1948, he stated tliere had been no further bleeding and that ho felt well. On Aug. 
he was admitted for the third time following the passage of a large tarry s oo ^ 

before. The liver was now markedly enlarged. The hemoglobin was 9.5 ni. sm 
blood cells 2,690,000; urea nitrogen, 21; total protein, 5..3; icteric index, ^ 

phosphatase, 8 k.a.; thymol turbidity, -t-; Cephnlin flocculation, -t-.^ tTOnsfusioia 

eighteen and one-half seconds (control, fifteen). He was treated with repea pjjdiofit 

He was finally transferred to Bellevue Hospital because of the dcvelopmen^ pjgjljvterisn 
symptoms. According to our latest information he is at present a patien 
Hospital. 

iVo(c.—This is a ease of moderately severe cirrhosis of the Ibei jj 

origin with portal hypertension. As time goes on .^'^j^),epafic 

may be found that, in eases of severe portal hypertension ue to JO 
block (cirrhosis), the packing, procedure will have no present- 

intestinal bleeding coming from the greater splanchnic area. 
ing sjTnptom is hematemesis, then the pacldng operation shou , a 


■ied first. the 

Case 5 (No. 572322).—E. C., a cliild 2% years of age, was first^n^^^^ ^oration- 
(spital in October, 1940, because of fever and oral ecchymoses o jencope”'®' 

xamination disclosed splenomegaly, slight hepatic enlargement, thoracic port'ca 

id anemia. X-ray studies indicated extensive varices involving the en 
’ the organ. During this stay, frequent tarry stools were noted. jiematemc^ts sri. 

He was readmitted in November, 1946, because of frequent severe^ 
le passage of tarry stools. FoUowing repeated transfusions, splenec and hs 

deen revealed evidence of congestive splenomegaly. Convalescence 
as discharged. ^ ^ 

♦When last seen In December, 1949, this patient was well and 
leedlng episodes. 



OARLOCK AND SOAf ; PACKING MEDIA.STIXUAf KOR ESOPHAGEAL VARICES 5S5 


wliere itudr revcnled Mrrorc anemia, 8|ilonomeffnly 10 cni. l)eloTV the cofital marpin^ extensive 
esophageal varicefl, and a duodenal ulcer. Again Bplencctomy oTia attempted but the operation 
WB5 abandoned becnuBC of extreme va«nlnr>tj. 

After two months she vms discharged for out-patient care wliero a mild diabetes was 
discovered. One year previously nn active duodenal ulcer was disclosed on x-ray eiaminntiom 
Bhe continued to Imvo periodic hemntemesos. In the year prior to our examination she ^vas 
admitted to New York Hospital on four occasions for massive bleeding, requiring on each 
admission 6,500 c-c. of blood. Tlic last odmissiou was sLx weeks prior to the writing of 
this paper and her condition was so proenrions timt she required 700 c,c. of blood daily for 
ten days for bare maintenance. At the time she was transferred to Mt. Sinai Hospital her 
hemoglobin was 13 Gm. 

Examination revealed a thin, poorly nourislied womnn. There was a loud, long systolic 
murmur over the preconllum. The spleen was felt six fingers below the costal margin and 
the liver three fingers. There ^vns no ascites. Hemoglobin was 1.3.4 Gni.; platelets, 40,000; 
prothromljin time fourteen seconds (control tliirteen and li\‘e-tenths); ceplmlin flocculation +. 
A gastrointestinal x-ray series disclosed large lortuons varices in the Imvcr tldrd of the 
esophagus and n defonnod duodenal bulb. 

On tlie eleventh day of ndinlssinn she t)egnn to bleeil again and during the succeeding 
five dors requlrwl 3,500 c.e. of IjIockI. Finally, on Kor. 23, 104fi, packing of the superior 
mediastinum mis carried out. The esoplrngus was bluntly sepamtrtl from the prevcrtebral 
fascia bolilnd and from the trachea in front as far dou-n os the aortic arcli. Two pieces of 
packing wore inserted pmcticnlly encircling the esoplingus. Convalescence was uneventful 
and the packings wore reraovo<l on the fourteenth day. Because of some hoarseness, larjTigeal 
examination was done and disclosed a fixation of the left vocal cord, presumably due to 
left recurrent nerve Injury, She volunteered the Information tliat she had not fell so 
well for three consecutive weeks in the i)recedlng five years. She was discharged on Dec. 
2fl. 1048. 

She was rcndmitte<l to the iledicnl Service on Jnn. 1, 1940, following n small hematomosls 
which abated promptly. She was jnundlcerl, and modemtely 111. After thorongii study, it 
was felt that she liad homologous scrum jaundice of viral origin following one of her many 
transfusions. She Improved mpldly nod was discharged on Feb. 20, 1040. Wlien lost heard 
from, llareh 17, 1040, she had Imd uo further blee<ling and, aside from ankle edomn, felt well. 

Note .—Tliis is a mo-st tmusiinl case of portal InTicrteiision of extrnhcpatic 
origin extending over a period of forty-one years. Tavo attempts at splenectomy 
were abandoned l>ccan8e of extensive intrn-abdominal venous collateral cbannels. 
There has been marked amelioration of the symptom of hematemesis foUorving 
packing of the snperior mediastinum.* 

COMMENT 

To recapitulate, the patient in Case 1 has remained well eight and one-half 
years. Wliethor he wonld have stopped his bleeding episodes -without tJie pack- 
'”8 procedure is a moot question. The fact remains that varices -nere demon- 
strated before operation and -wore not evident upon x-ray e-xamination one year 
later. Xhe second patient has had no fni’tUcr liematemo.se3 for three years. The 
wusc of the tarry stools is prolrahly bleeding from cardial or gastric vaiices. 
n nether or not the more extensive packing procedure will influence tliis, further 
observation alone -ivill tell. Tlie third patient lias been markedly improved by 
t le operation. The fourth patient -with alcoholic cirrhosis has 3lio\vn little or 
^J^_^rovemenL The fifth patient, the child svith cavemomatous transforma- 

Iwirned that tho patient died at neUet-ue Hospital on Feb. 17. 10BO. The 
0* the iBjt Illness could not be obtained In time for pabllcntion. 
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repeated and large transfusions. The hemorrlmge finally ceased, and his condition imptoTei 
X-ray studies revealed extensive esophageal varices extending into the stomach. He ms 
finally discharged on September 1C. 

He remained relatively sjTnptom free, except for the ascites, until Feb. 23, 1949, itlca 
he -was admitted following an exsanguinating hemorrhage. The bleeding continued, did not 
respond to multiple transfusions, and the patient died on hlarch 5, 1949. 


—As in Case 4, this was an example of severe portal hypertcasioii 
due to hepatic disease (cirrhosis) tvdth ascites. The packing procedure had no 
effect on the bleeding or ascites. Perhaps in such instances, in the future, pack¬ 
ing of the thoracic mediastinum should be undertaken either simultaneously 
^vith or soon after the cervical procedure. Tliis warrants further trial. 

Case 7 (No. 5S1351).—E. S., a woman 49 yc.ars of age, was admitted on May 28, 1948., 
with the following history. Eleven years before, following the development of 
pain and the finding of an enlarged spleen, she Avas operated upon in ano er ^ 
a thrombosis of the splenic vein was disclosed. The spleen nas not ' 

examination of the gall bladder revealed calculi. The patient had 

of obstructive jaundice thought to bo due to a stone. A diagnosis ° (j 

made seven years previously and treatment consisted of phlebotomy ^ J 
the splenic area. Three months before admission she oxpcnencct 
emesis. This ■was repeated several times and required multiple trans sion.. 

During the period of radiotherapy to the spleen, the patient was ^ 
phase of polycythemia. Her gall bladder symptoms re.sponded to dietary 
amination disclosed a large spleen extending three fingers below t le , several hirge 

a mild anemia, the blood picture was negative. The esop lagram 

varices at the lower end of the organ. ^ t ir 1948. Convaleseenee 

Packing of the superior mediastinum was carried out on disebarged 

was uneventful and the packings were removed on the thirteenth y. 
on Juno 30, 1948. -lye learael 

We have not seen this patient since she left the lioapitnl an ra ^ esopliag^' 

recently (March 15, 1949) that, since discharge, she has ImU performed 

bleeding requiring transfusions and that, in February, sp eiiec 

in Cliicago. ^ ^ 

Note .—This is a case of portal byperteusion caused bj n-ap- 
thrombosis of the splenic vein. The pacldng of the supeiio 
parently^ had little effect on the symptom of liematemesis. 

Case 8 (No. 587914).—This is perhaps the most fasematmg ^^ork Hospital* oa 
series. A. P., a woman 62 years of age, Avas transfene ro of fortpa®® 

Nov. 5, 1948. She had suffered from repeated hematerneses o ^iae a 

years, the onset being four months folloAving the birth o gplenectomy had been a 

large spleen was disclosed. Tliirty-tAvo years before this trans gxtraordinaril.A' 
tempted! but the operation could not bo consummated because rppe liemato® - 

venous channels. X-ray therapy Avas carried out Avitliout years pn®’' ^,, 

occurred tAvo to tliree times a year and required trans „gg increased to 

mission, folloiving the menopause, tlie frequency of tlie ^g gjje noted 

month, each averaging two to three cupfuls of blood. g.jialf years before ‘ .J 

of epigastric pain with the bleeding episodes. Two an j^g^ York 

folloAving a particularly severe bleeding bout, she was a nii 

•Through the efforts of Dr. EdA\-ln Hauser. 
tBy Dr. Allen Whipple. 



PULMONARY ALVEOLAR ADENOJFATOSIS 

Cancerods PvuioNARY Adenoaiatosis, Amtolar Cell Carcinoiia of the 
Luxo, Jaqziekte? 

H. Brodie Stephens, M.D., and Sidney .T. Shipjian, M.D. 

San Francisco, Caup. 

W OOD and Pierson' reported n case of pnlmonnrr alveolar adenomatosis 
in Jrareh, 1945, the diafpiosis hai'ing lieon made before death. The 
diagnosis was established in their patient by lolieetomy. This operation was 
performed* six months prior to the patient's deatlu It was beennse of the 
interest aroused by this patient’s illness and the faet that one of us (S. J. S.) 
had followed the case with Dr. Pierson, that tlic diagnosis of pulmonary 
adenomatosis was seriously con.sidered prior to operation in the ease to be 
reported. 

Since the presentation of our paper at the Veeting ot The American As¬ 
sociation for Thoracic Surgery in Jfarch, 1949, at New Orleans, two important 
contributions on the subject of pulmonaiy adenomatosis have appeared in the 
literature (Delnnie and Graham’ and >Swan"), Delnnie and Graham reported 
the presence of an alveolar cell careinoma in a man ngeil 35 years who had 
symptoms for appro.ximatoly twelve months prior to ndmis,sion to Barnes 
Hospital, A right lower lobectomy was performed in June, 1943, since the 
disease appeared grosalj' to be confined to this lobe. There was no eridence 
either at operation or pathologically of involvement of the regional Ijnnph 
nodes. Microscopically, the predominant feature of the lesion was tlie tendeucy 
to reproduce tlie alveolar structure. Some areas of lung tissue sliowed complete 
replacement of the alveolar linings by hyiierplnstic opithelinm. At the periph- 
erj' of the lesion, there were occasional isolated groups of alveoli where the 
epithelium was hyperplastic and tended to grow in .smaR papillomatous forma¬ 
tions projecting into the lumen of the alveoli. In still other areas, the tend¬ 
ency to the reproduction of nlvcolar structure was not seen, the cells going 
ivildly in clumps nnd cords in a loose fibrous tissue stroma. In these zones, 
the nialignaut cells showed marked variation in size, shnpe, nnd staining re¬ 
action, nnd mitotic figures were fairly frequent. 

Delarue’s and Graham’s patient remained well for over three years, and 
m October, 194G, an x-ray examination of the chest showed a lesion overljnng 
fte right diaphragm. Eight pneumonectomy was peiformed in December, 
fil47, four nnd one-half years follom’ng lobectomy. Actual invasion of the 
chest wall was present at this time. The racdinstinnl lymph nodes were ap¬ 
parently negative. The mioroseopic pattern of the tumor found at the second 
eperation was very simRnr to that seen at the first operation. "When last seen 
(Septe mber, 1948), the patient was in exceRent clinical condition. 

Surfferj* and Department of Uedldne Unlversltj' of CallfomiA 

Twenty-ninth Annual Meetlns of The American Aiaodatlon for TTioracIo 
■ Orleans, La,, March 29-11, 1949. 

1 Or. Emile Holman. 
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"We used iodoform gauze in tlie first few cases. Tiie patients developed severe tempera¬ 
ture reactions and we attributed it to the absorption of iodoform and gave it up for that 
reason. I think more irritation, of course, can be produced by iodoform than with plain 
gauze. 

Dr. Sweet, I do not know how long we will have to wait; I do not know whether Dr. 
Blakemore knows how long he will have to wait with his portocaval shunts. Tliis is presented 
as a substitute minor operation, and I think should be tried first, before portocaval anaa- 
tomosis. However, I think the period of time between cervical mediastinotomy and posterior 
mediastinotomy should be les.^ened. I believe if a patient does not respond within three 
or four months he should have the posterior mediastinum packed as a second stage, lie 
have had no mortality in the two cases we did, but that is a small group. 

We went into the question of Gelfoam and cellulose and all the other irritating sub¬ 
stances, but I think the e.xperimcntal work done in other clinics indicates that when irritating 
substances which do not have to be removed arc introduced, a large fibrous tissue element 
is formed, with a minimum of venous channels and a large scar tissue replacement For 
this reason we have not used the substances mentioned. 
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However, cxpcrimontnl infection has been generally nnsiiccessfnL In ad¬ 
dition, Dungal stated, in 1946, that ho had not seen jagziekte in man, although 
many of the shepherds were in daily contact with sick sheep, often in closed 
houses for long periods of time, and hence every opporUinity for contracting 
the disease was present. 

The ovine disease is very insidious in its onset. It nuis a chronic course 
80 that weeks may elapse before its pre.seiice may be suspected even by an 
experienced ol>ser\'cr. If the disease lias not reached an advanced stage, a 
flock at rest coutainmg many affected sheep may be looked at most carefully 
ndthout any sickness being notiewh There is no loss of appetite, and but lit¬ 
tle loss in condition until the latest stage wlicu the sheep are apt to become 
verj' emaciated. A cough, at first dr>% is ultimately associated with the de¬ 
velopment of moist. rTilcs on auscultation. Eventually, the condition becomes 
productive of much secretion, at first thin and frothy which pours out of the 
nostrils when the sheep inclines its head towards the ground. Until or unless 
a terminal secondary infection sets in, the disease characteristically runs an 
afebrile course. 

CASE REPORT 

The pntJent wns a white, married womon. She 61 year? of age at the time of 
ndmlieion to the Unirereity of Cnlifomia Hospltnl oo April 18, 1048. Family history and 
marital hUtory wero noneontriliatory. The paat hletory wna of Intorcet in view of the fact 
that in 1039 or 1040, her nelghlwrs hnd a small flock of eheep. Tlie flock became ill ^rith 
aa aente type of pulmonary* infection from which mnny of tho pheep died. The patient's con¬ 
tact \rith the sheep wns ensanl, Involving an Interest in the misfortune of her neighbors, bat 
not to the extent of any caro of the sick nDlnuiU. Tho patient, at no time, actually handled 
the sheep, hnt sho wns frequently only a few foot from them, and ot times when the weather 
windy and dusty. It was altout this time, or shortly thereafter, that the patient noticed 
the appcnranco of a drj*, hacking cough that was irritative and nonproductive. Some time 
)>etween 1041 and 1042, the patient begun to raise small amounts of clear, mucoid, frothy 
8pDtum accompanied by nn Increase in tho severity of the cough. A physician wns consulted 
Ixvanse of these pulmonary s^miptoms. Physical einmluation >nis essentially negative, but an 
x-ray examination of the chest wns said to show some nbnonnnl findings in the region of the 
right lower lobe. Unfortunately, this roentgen film ^vns lost nnd cannot l*o compared with 
^almequent roentgonognuus. The provisional diagnosis at this time wns bronchiectasis in¬ 
volving the right lower lol>e. There was some progreaslv© increase in the severity of the 
patient's cough from 1042 to 1946. The sputum remained mucoid and frothy, although in- 
crenK^ in amount. A roentgen film of the clo^t dated June 6, 1945, showed a triangular area 
increased density In the right lower Jung field immediately above the diaphragm and 
posterior to the area of the interlobar fissure bctiveen the right middle and lower lobes (Figs. 
1 and 2). Bronchoscopy at this time (Juno, 1946) was negative. In addition, the sputum 
now became thick, yellow and foul-smelling, nnd the patient complained of her sputum having 
^ disturbing musty odor. There was some vague right lower chest pain accompanying this 
change In the quality of the sputum, hut tho pain wns at no time typically pleuritic. Roent- 
fp*a films of tlie chest dated July and Bocember, 1947, revealed nn increase in the size of the 
density in the right lower lung field, tho density iinw being more posterior than in 1043 (Figs. 
3 and 4). 

Physical examination of the patient at tho time of admission reveiiled a very Avell- 
creloped and well-nourished woman appearing In good health aside from the persistent cough¬ 
ing- Tho abnormal physical findings were located in tho thorax nnd pelvis. A slight respim- 
lag was noted on the right tnferiorly. Fremitus wns inerease<l posteriorly at the rigid. 
^ 'raa slight dullness over the area of the right lower lobe and in tills area there were 
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Delarue and Graham summarized their presentation by pointhig out the 
following: (1) the neoplasm they described represents a specific type of pul. 
nionary tumor that is eharactei'ized by'- a reproduction of the alveolar stnic- 
ture of the lung; (2) the lesion appears to be multicentric in origin; (3) alveo¬ 
lar cell cai-cinoma is a proper name for the neoplasm they describe; (4) such 
a neoplasm may demonstrate slow growth, but reappear several years later in 
a different part of the lungs, and (5) attention is called to the similarity of 
alveolar cell carcinoma to jagziekte, the South African disease of sheep. 

Swan reported under the title "Pulmonary Adenomatosis of Man.” He 
reviewed the cases not included in those collected by Nenbuerger and Geever' 
in 1942, and presented nine cases from the files of the Army Institute of 
Pathology. Swan called attention to the sex ratio of approximately 1:1 in 
Neubuerger’s and Geever’s series, and the ratio of twelve men to fifteen 
women in the additional twenty-seven acceptable cases that he has collected 
since 1942. The relative predominance of this condition in the female sex 
resembles that of bronchial adenoma more closely than that of bronchiogenic 


carcinoma. 

Swan suggested the term "pulmonary adenomatosis” as the preferable 
designation for so-called alveolar cell tumor of the human lung. If metastas^ 
occur, the term should be modified by adding the adjective ‘‘cancerous 
(cancerous pulmonary adenomatosis). In addition, Swan proposed the fo- 
lowing criteria for the diagnosis of pulmonary adenomatosis: (1) ulveoar 
cellulai’ pi'oliferation characterized by the appearance of tall, coluniMr, 
mucus-producing cells, (2) absence of an intrinsic tiunor of the bronchial tree, 
and (3) absence of primaiy adenocarcinoma of any other part of the bo y. 

Swan concluded his summaTy by pointing out the fact that these 
apjrear histologically noncancerous, but must be considered clinically to 
cancers since they may kill by local growth or by metastasis. 
and Geever estimated that 25 per cent metastasize to the regional lymp ^ 


and another 23 per cent to distant sites.) , I 

Jagziekte, a Soixth African word from tlie Dutch, is the name given o^ 
monary adenomatosis occurring in sheep. Characteristically, the 
pears when sheep are being drhmn for some distance and hence o 
jagziekte, or driving disease. Pulmonary adenomatosis has been igg 

in the sheep of South Africa since 1893, and in addition, has been 
occurring epizootically in slieep of Iceland, England, and the 
paificularly in certain areas of Montana. Histologically, the usua 
ovine disease consists of a certain amount of interstitial fibrosis an e 
proliferations forming papillary intra-alveolar masses which aie 
In common with human pulmonary adenomatosis, there is mu 
columnar nonciliated cells, the absence of stromal invasion, an 
mitotic figures. DungaP stated he has never seen in jagziekte 
growth in the tracheobronchial glands or elsewhere. ^ No speci c 
been proved to be the cause of the disease, but many of 

pected that a vims is the exciting and responsible factor. gheep. 

the disease is effected easily by housing healthy sheep with t isea 
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cottTM rfllew nnd wlii>exinp even after coughing. Rectal examination revealed a small fibroid 
tumor in the fundus of tho nterus. (This tumor had been observed by the patient's local 
doctor for several }*cnr8 and has remalne<l the tqtme sire.) Tho temiKJraturc, pulse, respira¬ 
tion, and blood pressure wore mthin normal Hniita. TIio only abnormal laboratory finding 
Was a Tvhito blood count of 14,160 with 80 per cent polymorphonucicnrs (S3 per cent 
filoniented). Numerous sputum examinations wore negative for neld-fast bacilli. Bronchial 
smears and a single sputum examination u-ore negative for malignant cells. Bronchoscopy and 
Lipiodol visualization of tho right lung were carried out two weeks l>eforo lobectomy. The 
bronchoscopic examination wns negative except for possibly some minor stenosis of the right 
lower lobo bronchus. AM the major segmcntnl divisions of the right lung filled normally ex¬ 
cept for possible mild cylindrical bronchiectasis in the posterior basic division of tho right 
lower lobe. 
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FI 1 

Fig. 1.—.Vnteropo.'iterlor projection. The triangular den.sltj Is pre.'ent 
of the right lower lung field. , , ... orrows. 

Fig. 2.—Lateral projection. The abnoiinal density Is outlined b> 
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Fig. 3 . t^l'ower lung " 

Fig. 3.—Anteroposterior projection. The density in Uie r g i nests’^* 

creased in size. fleld Is more po 

pig-^ 4.—lateral projection. The density in the right Io^^e 
than in 1945 . 
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surgeon's experience. Tlda lolxi avus quite free of ndkesions, but flmi tlirougliout. It was 
salmon pink in color with a poeulinr, smooth, solidifiod surface. Tho fintUngs suggested tlmt 
liquid gelatin had been allowed to fill tho bronchial divisions of tho lower lol)e and then 
hardened {Fig. C), Tho opemtion of lobectoni}* wns readily perfoniicMl l)ocnnse of the abfonco 
of any inflammatory rcactiou about the lolmr Idlua. 


Fie- 6. 



7. 

Ftc. 6.—Photomlcroffraph of the opemtU'e spocEmen (x22.6). The apparent muJtlcen* 
of the adenomatous epithelial proliferation 1« well demonstrated. Note the apparently 
alveoli adjacent to the adenomatous proliferations. In addition, note the prejer\-atIon 
‘ the alveolar framework of the lung. 

r^i_ —Photomicrograph of the opomtiva apeclmen (XlOO). The regularity of the 

forming the adenomatous paplllarj’ projections con bo seen. There Is no suggestion of 
of fk. ^he alveolar stroma, nor do tho cellular proliferations completely encircle the mtlls 
U3© alveoli. 
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Fig. 5. B.—Sagittal section of the gross specimen, 
adenomatous infiltration. The darker areas of the lung in 
distended with mucus. 



The whitish areas (A) rapr“en‘ 
ie perlpherj' (B) represent ah eon 
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Fig. 5, C.—Sagittal section of the gross specimen demonstrating tn , 
a portion of the adenomatosis (A) -with a nodular dissemination In the p 
area marked O represents normal alveoli distended with mucus. 
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13 Aug '48, 

3) Months p.o, 


13 AUGUST ‘43 
_.3 _B0HTMS ' P 

fir. 0. fib. 10. 

Pip. 0.—Anteroposterior prolwtlott. Thcr«* Is no cviJenct? of any abnormal dcn§It}’ at this 

ume. 

_ —Lateral projection, Contnaro with Fig. IJ. The lung fields appear normal three 

tnonths folloalnf? or«PtttJon, 







IS JUNE '49' 

ij Hos. r.o. 
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li JUNE 
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. Fig. 11. Flc. li. 

Portlo^^F .\1*—Anteroposterior projection. Abnormal density has reappeared In the medial 
left sW^^ lower lung. In addition, there may be Increase In the hilar dcnsitj' on the 

(one n^R: l^'“Lateral projection. Compare w'lth Fig. 10. The abnormal density Is In the lower 
,» a«ia and posterior. 
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Pathologic Peport .—Tlic specimen consisted of a right lower lobe, weight 470 Gm., mtia 
smooth pleural surface. Tlie lung parenchjTua was soft and musliy -with a salmon pink color. ■ 
In some areas the color was pearly white and the parenchyma Imd a graaular'appearance, not , 
unlike small granules of cooked tapioca. Often tlie alveoli aprpenred to he distended mth this • 
mucoid material. A small area of the most superior portion of the lobe showed rare, norm! 
congested lung tissue. The bronchi were free from tumor, and a few small pigmented 
hilar Ijanph nodes were present. 



Fig. 8.—Photomlcrograpli of the operative spoolnien ^Note the 

the cytoplasm of tlie ndenomalou.s proliferating of the cells adjacent to w 

the nonciliated columnar cells with the nuclei located In f''®, . cytoplasm of these goblet 

alveolar border. Appropriate stains demonstrated mucus u Itlnn 
cells. 


Alicroscoptc Jieport (Pigs. 6, 7, ana aj.—xne aneou cells 

plasia and replacement by a simple columnar type of mucus-secreting ce . degrees 

somewhat hypertrophic, but well differentiated, and mitoses uero p^mnd. 

of differentiation were present, and occasionally well-formed goblet ce s tl^ese cdh’ 


._T),e .l...ved 

Varying' 


^_ The alveoli were often distended by^ 

The uninvolved ulveoli often wore distended with mucus and mucoid cont ,, j]veolar 

early hbrosm of tue 


cells frequently had a polypoid appearance. The arveon ueiu juacrophag*^ 


Occasional groups of chronic inflammatory cells were noted ndth mnv ' margin 

walls. The bronchioles were somewhat dilated, and often contained and tt®. 

of the more normal lung noted grossly, the pulmonary parencliyrua uas 
nearby alveoli were distended uith large numbers of large reticulo en intm-alv®®''"^ 

granular cytoplasm. There were large numbers of eosinophils and consi < gmalkf 

bleeding. The l)roncliioles and bronchi in this region also were compre josinoph^' 

blood vessels showed perivascular cuffing with chronic inflammatory jpuph 

The pleura showed an increased number of chronic biflammatorj' ce s. ^ gQginopUils. 
showed only moderate anthracosis with a slight increase in tlie num er o 


fient 


Diagnosis .—Pulmonary adenomatosis. . neration, the P®' 

Subsequent Course .—After fifteen months iiad elapsed since e ° ^ mken 

remained in. relatively good health. She hud maintained her norma ^e ^ continued to 
several pleasure trips both in and out of tlm United States. ® ^ ^ character and 

a mild productive cough, bringing up frotliy sputum that was inucoi follmring 1®*'^ 

out odor.* Boentgen films of the cliest (Pigs. 9 and 10) taken rree 


Patient's status continues the same (March, 19B0). 



STEPHENS AND SlUPilAN: PULMONARY ALVEOLAR ADENO.MATOSIB 599 


SUMMARY 

A case of pulmonary adenomatosis has been presented. TIic patient's pul¬ 
monary symptoms began shortly’ after a definite, though casual, exposure to a 
flock of sick sheep. The patient was treated by lol)ectomy. Roentgen c\ddcnce 
of probable persistence or recurrence of the disease appeared seven months 
following opemlion. Aureoniycin and dihydrostreptomycin in supposed ade¬ 
quate dasago has failed to alter the roentgen appearance of the lungs. The 
microscopic appearance of the operntive specimen resembles more so-called 
pulmonaiy adenomatosis than nlveolnr cell carcinoma. 
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DISCUSSIONS 


DR. EVARTS A, GRAHAM, 8t. Louii'.—I am very glad that thin niotorinl has been 
presented. I tlibik it of greatest importance, not with regard at the present time to tho 
number of cases, perhaps, but It has very important theoretical possibilities. Wlien I read 
the abstract, and read that Dr. Stephens apparently thought be had cured his case by loboc- 
tomy, I was sorry to see that he had made that statement. I am not surprised to note 
that in later i-raj' examinations he found a rccnrronco of the lesion because that ttos 
to be expected. This is n multiccntric disease, there is no doubt whatsoever of that, and lie* 
caute the disease happens to bo attacked In n local spot, nnd that local spot is eradicated, there 
i^ no asaorance whatever that the patient has l»een cored of tho disease. The evidence indicates 
that almost certainly It will crop op in remaining portions of the lung. 

The most interesting and tlio most important feature of this disease, howover, is that 
although it seems to be very rare there is plenty of good evidence to indicate that we hnvo 
known this disease for a good while; bat it has been descTibe<l under ^*nrious names. At 
that is my concept Dr. Neuliof, for example, one and onc-holf years ago in the 
Journal or TnoRACic Surgery, described this disease nn'der the name of “Carcinoma Muco- 
wlliilare,“ 


Perhaps Dr. Stephens regards the condition as a benign one since he uses the term 
sdenomatosis,’' Actually, the dividing lino between what one pathologist might call benign, 
Ia tliis lesion, and what another imthologist will call malignant Is so fine and tenuous that 
the distinction can hardly be made. If yon think tliat is merely my opinion, I will tell 
yo'i that nt the last meeting of the American Cancer Society in Memphis in January, 1949, 
this disease came up for consideration. It was the unaniraons opinion of the pathologists 
present at that nieetbig that this disease >vns to be reganled as a primary carcinoma of 
the lung of multicentric origin, arising, I may any, not in a bronelius. It is, therefore, not a 
Ijronchlogenie carcinoma us are most cancers of the long with which \ve are acquainted, but it 
ia the alveoli, ia tlio epithelium of the alveoli. Wo liave nlwTij*8 Irnd soma doubt in 
years, especially since Fried's work, as to whether there were epithelial cells in the 
‘IvtoU, but tills disease seems to indicate beyond question that there arc, and that these cells 
derelop into a cancer. 
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tomy revealed normal lung fields. Seven months following operation, an abnormal density 
appeared in the base of the right lung, and in addition, possible increase in the hilar density 
of the left lung. The patient was given a therapeutic trial of aureomycin and dihydrostrepto- 
mycin. Aureomycin was administered per os 0/5 6m. every six hours for twenty days, the 
treatment beginning March 30, 1949. There was no change in the roentgen appearance of 
the lungs following this course of therapy. Dihydrostreptomycin, 1/0 Gm. daily (intra¬ 
muscular administration) was begun May 18, 1949, and continued to .Tune 15, 1949, rrithont 
producing any change in the roentgen appearance of the lungs (Figs. 11 and 12). Bronchos¬ 
copy in August, 1949, showed a normal bronchial tree, and bronchial smears at this tine 
were negative for tumor cells. 

DISCUS.SION OF CASE 

It appears from the liistory, that this patient has had pubiouary disease 
for at least seven years. Lobectomy has provided a means of determining 
the pathologic diagno.sis, hut probably has not altered the coni-se of the disease 
in that there appeal's to be progres.sion in the roentgen films vdthout any sig 
nificant decline in the patient’s Avell-being. This case is similar to the case 
reports of Osserman and Neuhof'* and Delarne and Graham in that there is a 
history of long duration, an apparent limitation of the disease to a single owe 
lobe at the time of thoracotomy, and the histopathologic presence o m 
centricity, intra-alveolar papillomatous formation, and the absence o regio 
Ijunph node invoh^ement. , 

This case, per se, from the microscopic pathology' presented, fits 
criteria proposed by Swan® for the diagnosis of pulmonary' adenomatosis ra 
than that of Delanie and Graham for the diagnosis of alveolai 
In the ease herein presented, under the microscope can be seen. 
cellular proliferation characterized by' the appearance of tall columnar ^ 
producing cells; (2) absence of an intrinsic tumor of tlie bionchia 
(3) absence of primai'y' adenocarcmoma of any other part, of t e lo 
fulfilling the criteria of Sivan for the diagnosis of pulmonai'y' 

Delanie and Graham described ah'eolar cell carcinoma as being c a ^ 
by a reproduction of the alveolar structure of the lung; the of 

pearance of the tumor ui our patient fails to demonstrate tine repro 
the alveolar structure of the lung, nor is there evidence of de- 

wildly in clumps and cords as was the case in certain areas ® ® rnatosis to 

scribed by Delai-ue and Graham. The similarity of pulmonary a eim 
jagziekte becomes particularly interesting in this case because ® pa. 

casual exposure to a sick flock of sheep shortly before the 
tient’s pulmonary symptoms. The explanation may ivell be gpeci- 

relationship betiveen pulmonary adenomatosis and jagziekte is si jp 

fic response of the pulmonai'y tissue of , the tivo species (man tliis 

certain nonspecific irritants. As mentioned by Dryuialski anc jgath 

hy'pei'iilastie response of the pulmonary' epithelium may eventua y gj.ggsi)ig 
by extensive im-oh'ement of lung parenchy'ma (jagziekte) or i 

into a true malignancy (alveolar cell carcinoma). 
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time, ono cup. The diapnosia at tliat time pneumonitis with rupture of a sizeable 
vetjpb From tills pneumonia ho is snid to have nmdo a recovery, but not completely because 
the dyspnea was still present, and in addition he had propressivo pain throughout the chest. 
Tie was not incapacitated, however, and was able to carry on his occupation in a meat and 
grocery store. 

In Februnr)’, 1948, ho did got to an extremity and was again studied in Chicago, where a 
diagnosis antis mode of carcinoma of the lung and x-ray treatment was advised in view of tlio 
long history. It was said that ho improved somcNvliat ns a result of x-ray treatment; ho felt 
so, subjectively, and when I shw him his first statement was, “Under no circumstances will 
I allow you to do a mdicnl operation upon me. I am interesteiT in x-ray treatment.” But it 
did not seem to me, that this flingnosis of cancer nntis completely established in spite of the 
fact that tubercle bncilll wore not found. The sputnni did not shoir evidence of carcinoma 
in the cells, and by roentgenology no dlfTerentinl could definitely be made of this lesion 
from either fibroid tuberculosis or a supporalivo process, bronchiectasis or abscess without 
fluid level, or perhaps even fungus disease. 

At any rate, he alloNved me to carry out an exploratory operation for the purpose of 
diagnosis, and when I opened tho chest I found much the snme appearance that Dr. Stephens 
has presented. The upper lQl>e was enllrrly solid except for a periphery of aerated lung, 
I would estimate 1.6 cm. in width; the lower lobe had several nodules in it. When tho 
Inng was sectioned it looked like a fungus infection or, as Dr. Stephens has suggested a 
gelatine transplant in lung tissue. The pathologist at our hospital, Dr. E. L. Heller, 
who is Associate Professor of Pathology nt the University of Pittsburgh, made slides for me 
which I have the opportunity to show. 

I would like to show first the roentgenologic series; I was able to get tho picture 
taken in 1046, and follow tho case roentgcnologicoHy until the present (Slides). This was 
In April, 1040, at tho time ho developed the original pain; tho picture on the left was taken 
In April, 1047, one year later. It was stated to him that it showed no definite change from 
the picture of April, 1940, that the shadow noted was not significant of any trouble. I be¬ 
lieve the disease could bo demonstrated definitely at that time. Tho next pictures were 
taken in September, 1947, and October, 1947, nt the time be said ho had the episode of 
pneumonia. This was taken when ho had made a symptomatic recovery. It was stated to 
him that there Nverc some changes in the pleura ami a certain amount of residne in the 
Inng. The next avos tnken in February, 1948, in Chicago, when lie was studied. No 
bronchoscopy was permissible because of the absolutely rigid neck. When I camo to have 
bronchoscopy douo Dr. McCullough said he hod never foiled to get a bronchoscope down 
at least into the trachea and upper bronchial tree, but ho foiled in this instance. 

This picture was taken in .Tanuaiy', lti49. I would feel that it is imposaible from that 
roentgenologic appearance to make a certain dlognoais. Next is the low power appear- 
ante of the biopsy from the lung; a very widespread lesion, the alveoli are filled or almost 
»o Avith these papillary projections; in this particular field there is only part of the entire 
lung that is not completely involved. This is the medium power presentation and shows a 
tremendous amount of mucin and a number of desquamated colls thrown into the alveoli. 
The liigh poNver picture is next. On this Imsit Dr. Heller felt wo were dea l i ng Avith malig- 
^cy definitely ingraftcil on an originally benign adenomatosis. He made tho diagnosis 
not on. the basis of the irregularity of tho cells so much os on tho hyperchromatism in 
the alveoli and the fact that the cells wore getting quite large and perhaps displacing one 
another. 

I would say that the prognosis in this disease is quite definitely bad. So far as I can 
judge from any reading, the life expectancy from the time of development, and we do not 
now when it develops really, is not more than two or three years. Obviously, from the 
discussion already presented, surgery is not tho answer. I am intrigued Avith the sugges¬ 
tion that perhaps if the disease can be diagnosed at an early time, antibiotics might have 
^*^0 influence against the possible virus that may be basically in tho picture. I still think 
Is almost a mystery disease. 
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One of the first descriptions of tliis disease, worked out in sheep, \vas made by Cowdn, 
of St. Louis, about twenty-two years ago. He was asked 1)y tlic Soutli African government to 
investigate this epidemic. At tlmt time the disease was not kmown anyn-here cIbc than in 
South Africa. Now it lias spread around the world and has involved the slieep in the United 
States. It is knoum to the sheep men by the very noneuphonious name of ' ‘snotty-nose” which 
characterizes the discharge. It is interesting that in Dr. Stephens’ case, the human case, tUs 
same symptom was present. There seems to be little doubt about the contagiousness of the 
disease as it affects sheep, although inoculation experiments so far have been nnsnccessfnh 
Could it be possible, therefore, that we have now confronting us, just becoming recogniied, a 
form of cancer of the lung which really is a contagious disease? Something which is qmte 
different from anything that we have known about heretofore, but which probably is not 
nearly so infrequent as we have ordinarily thought. 

In 1942, I operated on a man who had, in the right lower lobe, this disrase. i a 
lobectomy, and had the same difficulty at the operating table in deciding what the le.sion i«. 
Because of war conditions and depiction of staff it was impossible to get a fr°“n 
at the operating table. I decided it was merely an inflammatory disease I took 
and he Ls perfectly well for three years after this procedure. In 1946 he 
care of Dr. Ashmoro of Wichita, Kan., who found that the reniaming por ion o _ 

extensively involved and he advised removal of the rest of the lung, bu i 
that the patient permitted Dr. Ashmore, who is here this morning, to , , j 

lung. The microscopic examination of the removed portion was i en ica wi ,. 
removed five years before. The other lung scorns to be in also 

but there is hardly any doubt, in my mind at least, that before long c 

show the same lesion. • is that 

There is one other point that is most interesting about the w lo e fjoni, ' 

this disease which you have seen portrayed this morning in the slide.s, ^ Teallv a mnltipk 
in fact in many respects it is identical to, mouse cancer of the lung w to 

malignant adenomatosis. Tlio prevailing opinion has been that t iis con i -aasons for 
genetic factors. If I had more time I would bring to y our a cn lo , ^ j,g ^ue 
thinking that actually in this inherited disease of mice which^ las not 

merely to genetic factors wo are prolinbly dealing with a condition very si ^ 

say iclentiiml with-but very similar to jagziekte. A virus infection, perhaps the sn 
may be responsible for both conditions. 

DR. H. E. DECKER, Pittsburgh.—Dr. Stephens has brought us jtje to say 

very important way, supplemented by Dr. Graham’s remarks, w iic i ^ I think, b> 

except to present a case report to which I was introduced only ^ mystery disea-®' 

view of the opinion at the present time, tlint we might almost ca ^.'the=e cells are orderly 
certainly there is notliing in pulmonary- pathology' quite like it. At rs nietastatk 

there is no invasion of stroma, there are practically, in cases so ar rep lymph 

lesions. I think in the literature to which I have had access, two cases ^a^^ iniportanec 

node metastases, but in a very late situation and found at post mor before p®-*' 

of Dr. Stephens ’ presentation lies in the fact that the disease w a.. 

mortem, and my case is in the same category. liuiiting accident »nd 

Briefly, this man, 58 years old, was shot in the chest in 1919, in a ^g^tal infeetie® 
had a few shrapnel fragments left in the lung. In 1934, he had a significance of thal 

with osteomyelitis which gave him almost a rigid cervical spine. ' sulfonamideS) ff®® 
vvill appear in a moment. In 1940, he had double pneumonia treate ^s-itliin sis month^ 

which he said he made a very satisfactory recovery and was asymp pains throng 

In 1946 following exposure to a flock of sheep ill w'lth jagziekte, ® jggically. I* 

the chest of an irregular type, not constant, and was exanime ™ fragments left ther^ 
suggested that the pain might be due to late effects of the f®"" ^ hemorrhage, m 

in. He developed progressive dyspnea and, in September, 1 U cpcond hemorrhage) 
severe, for which he was hospitalized, and within three days e and the seoon 

was said that the amount of blood lost the first time was one an 
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of tlio Arcilivcfl of Pntholop}', "hich will MK)n nppcor. Of the nine, eight wero dingnosed at 
Uio time of autopsy. The other patient, who hail a loheetoiny, ia stlU alive but show* defluito 
evidence of recurrence la botli lungs. 

The t^^o additional cases ro'ordcd at the Institute of Pathologj* are not completely 
reported. Ouo waa diagnosed at autopsy, and one ^rns the patient I have reported, who 
remains well seven months after surgery. 

DIt. ROBERT T, FOX, Uines, Ill.—I ^ri8h briefly to report a previously published cose, 
presented by the pathology doimrtmont of the Municipal Tuberculosis Sanitarium in Chicago. 
Three patients were reported upon, one of which bad right lower lobectomy. That patient died 
one and one-half years later of multiple distant metastasos shoa-ing the same histologic 
picture as the primary lesion. 

Wo at the Veterans Administration Uoapital at Ilines, HL, recently had a case which 
differs from the others in that it was a fairly rapid course, some fl months from onset of 
symptoms to death. Tlio predominant symptom was the marked bronehorrhea, amounting 
to some three or four quarts of water}' sputum <hiily (slides). 

This shows the lesion in the left lower lung field, somewhat similar to an interlobar 
effusion; however aspiration was of no avail. This patient refused exploration. lie was in 
fairly good condition early in hospitalisatiou but would not submit to operation. After about 
two months there was increase in the lesion on the loft aide and evidence of a fairly typical 
hronchiogenic spread on the right. Ills course was doam Mil and he gradually snlTocatcd. "We 
are glad he refused surgery in view of the present discussion. The gross Bi)ccimen was much 
like gray hopatixation or the \'ery descriptive term of gelatine infusion. Pus could not l>e 
scraped from tlio surface, however. The photomicrograph shows typical papillary structure. 
The high power is similar to that previously described. 

BR. STEPHENS.—I want to thank the members for this excellent discussion. Of 
eonrso, we always enjoy Dr. Qrahiim’s remarks, and I waa happy to hear that he is somewhat 
intrigued by the possibility that this may bo a malignant tumor which has multicentrlc areas 
of stlmalntlon duo to irritation from a virus. Certainly it has been true in the papillary warts 
and it may again be true in this disease and opens up interesting channels for futnro investiga¬ 
tion. 
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DR. O. THIERON CLAGETT, Rochester, Minn.—I have a few points to offer which 
I think are of some interest. Wo find tliat this lesion occurs quite frequently; as a matter 
of fact, 5 per cent of the cases of carcinoma of the lung that have been examined at 
necropsy in our institution have been of this tjq)e. Seven of the ten cases in this group 
have had nietastases to nodes and elsewhere. It is a malignant condition. We have seven 
cases that have been operated on because they were not definitely recognized as alveolar 
cell carcinoma preoperatively. We feel as Dr. Graham has indicated, that since it is a 
multicentric disease, it is not a surgical disease in most cases if its true nature can he 
recognized preoperatively. These seven cases occurred in the last 189 pulmonary resections 
for malignancv that wo have done. Surgery' should probably' be avoided if a definite 
diagnosis can be made. It is of interest, I think, in our experience that this disease occurs 
six times as frequently' in women as in men; the average age has been 51, which is 
certainly well in the cancer ago group. 

The most important contribution we have to make is, I think, our sputum st^die^ 
It has been pointed out that these patients have a thin watery' secretion, and that has al'o 
been noted at bronchoscopy'. AVe have a case in which bronchoscopic secretion was taken 
from each lung and malignant cells were demonstrated in secretions from both lungs, n 
five of our seven surgical cases Dr. AIcDonald made a diagnosis of carcinoma of the ung 
Ijy cy'tologic examination of sputum; he was unable to determine its type at that tune u 
on reviewing the experience ho has with this condition at present ho feels that it 
possible to diagnose this particular type of cancer by the cytologic examination o 
sputum and bronchial secretions. If this can bo accomplished, it will bo of consi era 
lienefit in the management of this condition. 

DR. EDGAR DAVIS, Washington, D. C.—I believe that pulmonary adenomatosm is 
found much more frequently' than the reports in the literature v\ou m ^ 
example, in September, when I reported one of my' cases in Miami, there were ei ^ 
tional cases reported, none of which had been previously reported in the 
sonally, feel it is regrettable that our tumor registry in AVashington oes no 
reports on these cases. . . 

Dr. Stephens is to be congratulated on having a case so closely and ® 
to the illness of sheep. In the last three years, my' former associate an av 
such patients, two men and one women.- The first patient, a woman J ° ^ jjg 
lived on a farm and had had no contact with a domesticated animn so a 
ascertained, had bilateral disease with n mass in the right side an j^ported 

effusion. This fluid was aspirated, and upon examination for carcinoma ce j^teresting 
positive. Had we recognized the condition at that time we could have one so - 


rabbits, to ascertain 
sheep nor hogS; 


investigative work, such as injecting the fluid into mice, guinea pigs, and 
whether or not we could transmit the disease to other animals. ^ 

The second patient was a man who did live on a farm but w'ho ha no^s ^ 
so what his source of infection was, no one can say. The third patient, w lo 
later, was an operative case. . ranch 

(Slides.) These slides are of a 63 -year-old white man who had livec o 
in Nevada for about six weeks. However, he had not come in contact wi i meals. The 

not eaten at the ranch, he and his daughter having driven to town for a o ijj-onchial tree 
bronchogram demonstrates a perfectly normal distribution and pattern o the 

without e-vidence of bronchiectasis. At bronchoscopic examuiation I was a gecretions 

amount of thin, bubbly, mucoid secretions coming from the left-stem ronci gpechnen, 

showed what was called carcinoma cells. The next slide is a photograp ^ j^pj.gmicrogrnp'' 
showing multiple adenomatous nodules in the periphery. The next sli ® e-xamiantion' 

of the specimen the patient coughed up two days after the gJ^Jci]^on)a. 

A number of pathologists have examined it and all of them have ca e i ^ Pathologl) 

I have -with me a report from Dr. Smetana of the Army Institu cases; nine of 

might be both interesting and instructive. He has given me a report on e 
them have already been completely worked up and have been reporte y 
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grauulation tissue -wliich matures to fibrous tissue, the oltsorvation of advanced 
broncliinl destruction makes dense scars and extreme stenoses easily understood. 
Similar scarring occuis in the lung pareneli.vma, the pleura, and tlie pericardium 
by virtue of the natural healing response to tuberculous, or granulomatous 
infection. 'When the architectural weakness of the bronchial wall is added to 
such pathologic changes, it must be deduced that severe tuberculous tracheo¬ 
bronchitis either produces the extensive ulcerations revealed at autopsy, or, 
when the patient lives, bronchostenosis. 



L—Elxflmple of controlatern! broncJilal rtlucttjte. The cxtonjlve dUea»e on the 
Jndlc^tej rewoctlon. The left lunp 1 b In o ffotMl. heoleil Btnte de*plte the rather ee- 
ere oronchoatoiioBlii revealed In the plunlcmm. 

The presence of stenosis itself docs not signify complete healing of a given 
l^on. However, if, through the bronchoscope, acute ulcerations and inflammn- 
fions are observed to progress to clean, .smooth, stenotic sears, and to remain 
such, they may be regarded as healed despite the possible persistence of active 
tnbcrclcs in the fibrous scar. Only the upper end of a stenotic bronchus can 
lie viewed. If it appears healed, the remainder of that bronchus is also likely 
to be healed, especially if the clinical course of the patient and of the Iting is 
favorable, and the sputiun is mostly negative. “While a stenosis of a given 
tronchus is usually in a uniform state of healing, the bi-onchi beyond it may be 
ju any state. This is particularly true of the upper lobe hroncluts, and its 
unmediale branches. Active caseation may l)e found in the upper lobe bronchi, 
"■hilo healed stenosis exists in the main hronclius. In fact, these circumstances 
should bo suspected whenever the sputum is usually positive, the visible 
ronchial lesion apparently healed, and no open lesion exists in the lung fields. 




PLASTIC RECONSTRUCTION OP TUBERCULOUS BRONCHOSTENOSIS 

WITH DERMATj grafts 

Paul W. Gebauer, M.D. 

Honolulu, Hawaii 

P RESENT day tuberculosis of the trachea and bronchi as seen in living pa¬ 
tients altei’s some of the conceptions of the disease gained from voluminons 
post-mortem studies of the past. Clinical and autopsy findings indicate a higher 
incidence in women, a more frequent stenosis of the left bronchus, and a 
parallelism between involvement of the air passages and advanced, extensive 
disease of the lungs. Beyond this there is no constant relationship between the 
location and severity of the tracheobronchial le.sion, and the location and extent 
of the parenehjnnal disease. 

THE STENOSIS 

Tuberculous lesions may occur am^vhere in the air passages. The)' do not 
predominate on the ])osterior membranous surface. They may involve the cir¬ 
cumference of a short segment of a bronchus, or its whole length. Advanc 
bronchial disease is sometimes encountered in patients with clinically nuinvolv 
lungs. Tuberculous ulceration may be ])resent in the left bronchus w e 
extensive lung disease exists on the right (Fig. !)• ... 

If the.pulmonaiy disease is compatible with life, and especially if it is con 
trolled by treatment, trachcobroncliial lesions tend to heal. A small muco^ 
ulcer resulting from caseation of a submucosal focus may heal ivithout gross y 
discernable scar. If the elastica is destroyed, healing produces a puckere sca^ 
and mild deformity. Breakdovm of coalescent caseous foci prodne^ t e yp^ 
of ulceration seen at autopsy and popularized by textbook illustrations. ^ 
extensive lesions in living patients are now rare, and more rarely , 

ivith the formation of fibrous seal’s which produce gross defonnity of t 
cross section. Whenever inflammation involves the thick, fibrous layer o 
the cartilage rings, cicatricial contracture and stenosis always 
healing process, because of the natural architecture of the trachea an ™ 
Collapse of the fibrous bronchial wall is caused by dissolution of the 
cartilages secondaiy to destructive chondidtis. Simple collapse anc 
resulting from loss of supportive framework probably has not been a o 
attention in the pathogenesis of bronchostenosis. Under 
healing of a severe mucosal lesion alone may produce stenosis, fhe 

tion of the fibrous and elastic elements of the bronchial wall, oi of 

excess production of scar tissue. On the other hand, at operation, 
the entire bronchial wall is occasionally encoinitered, and frequently i 
or necrotic cartilage is found. If it is borne in mind that tubercu of 

the conversion of cellular exudate to fibrous tissue, and by tlie pim 6 
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supply. Regardless, it is a frequent observation, and, in addition, linear 
incision of a stenotic l)i‘onclius usually reveals a more intact mucosa, and less 
exudate on the meinbmnou.s portion in contnist to tlie anlorior and lateral 
UTills. 

Because of tlio inoi*c favorable pathologic changes, and because of its 
surgical accessibility, the x>ostcrior membranous surface of the trachea and 
i)ronclii is considci’cd the most suitable site for surgical attack. 



. lOs- 3.—Posterior aspect of Uioraclo contenti* of patient in Fie. S- The membranoiu 
Kali almOit normal; the paratrachenl tlaauea were particularly claan and free of 
•w. The hilar atructurea around the etenosla of Oie dUtal rlcht main bronchui were eaally 
by dlMectJon. A, Larynx. B, Trachea. O, Right main bronchua. 


TOE LUNO 

If a bwnchostenoais is severe enough, or present long enough, functional 
impairment and subsequent destruction of tho respiratory system beyond the 
stenosis eventually occurs. Tho pathologic changes distal to a stenosis are 
dependent on many interrelated factors besides “resistance and virulence.” 
Some of these factors aM the extent and course of the parenchymal disease 
when tho stenosis first becomes obstructive, the amount of secondar 3 ' infection 
present, the rate of progression, and the degree of obstruction, the effects of 
treatment, such as lung collapse, and the volume of lung tissue affected by the 
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As intimated previouslj’-, consideration of the effect of dissolution of tk 
supporting cartilages indicates that severe stenosis can occur -without preceding 
extensive destruction of the bronchial wall. More often than not, this concept 
is supported by operative findings. Frequently the stenosis is a contracture of 
the bronchus itself. The surrounding lung stroma and mediastinal structures arc 
quite readilj" separable from tlie diseased bronclius by surgical dissection. Pigs. 
2 and 3 are illustrative. Certainly, peribronchial inflammation and scar are not 
essential for the production of bronchostenosis. Less commonly, extramural scar 
contributes to the stenosis; sometimes the hilar structures, particularly the 
pulmonaiy artery, are encased in hard scar. Such changes follow extensive, 
deep destruction of the broncliial wall. Fig. 5 is an example. In some instances 
Ijmiph node perforation of the bronchial wall is a possible etiologic factor. 



Pig. 2.—Example of severe stenosis resulUng from J^inhes some 

assages. A, Atelectasis and destruction right mRldlo and 'Pjver lo resultlnK ^ 

lie upper lobe; left lung Is clear. B, Extreme stenosis of the diirlnK 

jctensive ulcerocaseous tuberculosis. Heallnp was observed bron 
fter treatment with streptomycin. 


The posterior membranous portion of the larger bionc i 
cartilage. Healed lesions liere are naiTOW and contracted, but no 
extent as the remainder of the bronchial circumference. Tlie e 
collapse is lacking, and the resultant difference in tlie disposition o^^^^ 
found at operation is sometunes striking. Tlie same dispaiitj pronchi) 

surgical specimens exliibiting tuberculous stenosis of sma ^^^^gynjfei-enec- 
where cartilage plates arc irregularly disposed about the w lo e ci ^^.^jidges 
The inequality in the degree of scar may not be due to the a sence 
posteriorly. It may be due to a difference in healing prope les, 
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In the ])eginning, episodes of nteleclnsis nro iiiteiinittent, and frequently in¬ 
fluenced by attempts at collapse. Some lung segments may be spared; fre¬ 
quently lung segments and lol)es quite fi-ec of disease are “shut off” by the 
stenosis. Later on, atelectasis cither becomes persistent noth its usual eonsc- 
qucnces, or one of tbem, such ns bronchiectasis, dominates the picture (Pig. 6). 
Up to this point resection of the involved lung and its stenotic bronchus is 
clearly indicated. 



5.—0, Patient of Flc. f. after left pneumonectomy; alao on example of eitra- 
xmIt lr*fB** contrlbuUnp to atenoala; no "flore-up.” riptit ba«. n. Planlsram before oper- 
auon anowlnp atenosla of left bronchua anC lower trachea. Immediately after removal of tbo 
tbi *** hilar acar. It waa poaalble to advance n IS French Intratracheal catheter Into 

bronchufi. Broncno*eopy before operation had revealed n 8 mm. lumen In tho lower 
fcwti- .• PUaicram after operation domonatrate® the Increase In tracheal lumen after re* 
•ccuon of extramural ecar. 


Now and then healed stenosis of the main bronchus is accompanied by 
ParcnchjTnal disease, static or progressive, which remains confined to the upper 
lobe while the remaining lobes are free of disease, and unaffected by the main 
bronchial lesion. Such circumstances are not uncommon; however, they do not 
forever, and sooner or later the good lobes succumb to the stenosis thi-ough 
which they mibst function. If patients can lx; detected clinically before this, 
^■osection of the diseased lobe and reconstruction of the airway to tlie good lobe 
a considered more rational treatment than excision of ovorjqhing distal to the 
stenosis. Cases 1 and 2, cited later in tliis report, belong to this group. 

The third group of patients have healed bronchostenosis with functional 
or organic occlusion. The component lung is atelectatic and usually consists of 
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stenosis. None of the changes resulting from stenosis are beneficial, and tlie 
usual elements of the combine which eventually destroys tbe distal lung tissne 
are atelectasis, fibrosis, progressive tuberculosis, bronchiectasis, nonspecific pneu¬ 
monitis, and al}scess formation. Any one process or any combination may 
dominate the clinical picture, which is as vaiiable as the responsible processes. 
However, these variations are more those of degree than of kind, for in general 
all the pathologic changes are destructive and progressive. The progression may 
be slow or rapid. Eegardless of the mechanism of destruction, lung function is 
lost and illness is the patients’ lot. Among the various clinical states produced 
by such illness, the following types are clinically prominent. - 



F1&. 4.—Example of Group 1, representing extension of and fluid 

Uve phase of bronchial lesion. A, L#eft lunff destroyed; acute spread, 
light lung. Bj Clearing following streptomycin. 

The first group of patients have rapidlj'^ progressive tuberculosis. 
involvement is usually extensive and advances in step with the stenosmg P^^^^ 
in the bronchus. By the time the bronchial lesion is converted from an ^ 
caseous phase to stenosis, the lung disease is far advanced. The on y 
bring the patient to a point where excision of the bronchus and rts 
lung can be done. The patient presented in Figs. 4 and 5 is an 
Streptomycin cleared the right lung and brought the tracheohronc i 
a surgically receptive state. _ 

The second group of patients have healed or mildly active 
Their lung disease may be little or advanced; in either case, it rs 
and contraindicates any attempt to relieve the stenosis atelectasis- 

the progression is iTipid, especially during, or following a peno o 
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liealing is not complete, during which they actually belong in the second, or 
prerious group. It i.s inndrisablo to wait for ultimate, natural healing in stenosis 
of a lobar brouchua, because of its rarity. If the biTmcbus is occluded the 
component lung is useless and chances arc it will not remain innocuous. 
Lobectomy should ho done, proriding the remainder of the lung on the same 
side is clinically “healed” or free of disease. Certainly, natural healing should 
not be awaited hopefully in main bronchial lesions. If the lung is diseased it 
should bo removed; if it m in a good healed state, reconstruction of the stenotic 
bronchus seems clearly indicated. 



of Group 4. The left lunff Is hooleil with sonic nbrosU, Tlie stenotic 
had a 8 nun, lumen at the Carina, not enlargrod by ropeatod dilatations. The 
wiKint has negative sputum, a persistent wheese. Intermittent cough, and diminished breath 
•oanos. Reconstruction of tiic left bronchus, rather than pneumonectomy, Bornns Indicated. 

The characteristics wliich make the fourth gixuip of patients clinically 
l>rommcnt are healed, quiescent, or minimal lung disease, and a healed, stenotic 
bronchus. A minimal airway exists permitting Inng aeration. Over a period 
of months or years, episodes of sputum block, intractable cough, atelectasis, and 
dyspnea occur -with irregular freqnenc.v. Except for cough and wheeze, the 
true disability is periodic, but overj’ bout of atelectasis, and overj' "cold” 
hazards a "setback,” “spread,” or further lung damage. The ultimate prog¬ 
nosis for a given lung is doubtful. Some degree of functional impainnent is 
always present, and tbo passage of time lends to increasing impairment soeond- 
aiy to fibrosis, atelectasis, bronchiectasis, and so forth. In many of tbe.se 
imtients tuberculosis produces a scar in the bronchus and lung, and tlion drops 
out of the picture. The offending agent is a structural deformity of the air 
passage invoking a olironic, recurring disability for which most patients willingly 
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a small fibrotic mass containing “burned out,” or healed disease, or encapsulated 
caseous foci. The patients have negative sputa and are clinically well. Sucli 
conditions represent the ultimate in natural healing and are common in small 
segments of lung. An entire lobe may heal in this fashion, but raivly does a 
■whole lung. When a large or a main bronchus is occluded, some degree of 




-i: ■ n 




c 



Flgr. 6.— Example of'Group 2. A, Episode of ^®f^'°l!f®riiustratM*'left t>ronchostenoA^-|^^ 
B, Spontaneous clearing four montlis later. O, v,vit pneumonectoniy ypper 

left lung cleared further rrlth Intensive antibiotic unhealed Th'® 

because of Irreversible bronchiectasis of both lobes, and been reconstwet ^Ig^chotom). 

lobe. The stenotic bronchus was well healed, and could ha^e complete 

contraindicated by the previous findings, which ppimpn 

as ■well as by subsequent examination of the surgical spec 

lung dcsb'iicfi®’' 

infection usually supervenes and the chain of events leadiHo gpod 


begins. Even with insignificant infection bronchiectasis occi 

later, belongs in this group. _ p^i^tance and liave done 

Jilost patients in the third gi’oup have fairly good r ^ g^age when 

their share of “curing.” Nevertheless, they all pass 
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primary liealing of an amputated bronclius can always bo expected if it is 
handled carefully, sutured aeouratcly, its blood supply preserved, and infection 
avoided or controlled. Uncomplicated broncliotomy and suture, despite tbe 
presence of some infection, has been imported in man.'’ ° Bclsey” briefly re¬ 
ported an instance of tmchcal reconstruction with a fascia-wrapped spiral of 
stainless steel rvire. Gibbon'' mentioned the filling of a tracheobronchial defect 
with a segment of costal cartilage WTapped in a pedicle of parietal pleura. 
Finally, excisional lung sui'gcrj- has shown that the healing of a bronchial 
stump is enhanced by the formation of scar arising from the adjacent lung, 
pleura, or mediastinal ti.ssues. In fact, sonictinics a large portion of the scar of 
a healed branchial stump grassly ai)pcnrE to have been contributed by these 
structures, or by the organization of blood clot which they support. Such find¬ 
ings suggest that the niedia.stinal bed of the air passages has good sealing and 
healing ])ropcrtics of its omi. On the basis of experimental oliseiwations and 
clinical experience, it seems logical to expect plastic procedures and grafts of 
tlio bronchi to be fen.siblo and practicjil. 

Any auljstnncc used in branchial grafts should meet certain essential ra- 
qnirements. First, it should pravidc an adcqnate, air-tight passage. Second, 
it should afford a semirigid, noncollapsible 8upi>ort. Third, it shonld serve as 
a scaffold for the regeneration of epithelium. Fourth, and finally, an ideal 
graft should survive as liring, trnus])lantcd tissue, and, at the same time, 
provide wall stnieture. This final requirement is not coasidered completol.y 
essential for a good ultimate result. Failing to "take" in entirety, a graft 
conld stiU function ns a foundation for natural healing and regeneration It 
could irroride a framework for such proce-sscs during its disintegration and 
replacement. Fascia and Qelfoam airparcntly behave in some such fashion in 
the experimental animal. Actually, it is possible that metaplasia, and even 
metamorphosis, might occur in an.v tr-pc of grafted tissue, so that ultimately it 
would simulate the neighboring bronchial stnicturcs. 

The demml layer of the skin probably fulfills the preceding requirements 
better than any other liring tissue. Its proper-ties, and the properties of whole 
skin used in place of fascia, or buried to fill defects, are recorded in medical 
literature. Jlay and Spann' have summarized the early use of the dermal graft 
In personal cxpericuco, it has been found useful as a bear-y ligature for partial 
occlnsion of the thoracic aorta above an aortic aneurj-sm, or as a bronchial plxig, 
anchored with wire sutures, into tbo bronchial fistulas of exteriorized limg 
rarities. A rapid “take,” and the growtlr of epithelium over the dermal plugs, 
bas been perceived in such instances. The dermal sldn is thick, tough, and 
elastic. It ig rich in vascular and lymphatic channels. It is naturally designed 
for the foundation of a surface. It holds sutures tenaciously; it does not 
separate or tear when pierced with a needle, as docs fascia, pleura, or epidermis, 
b’or these reasons, and Ijccause of its thickness, it is well adapted for airtight 
suture lines. 'Wlieu applied to a bronchus as an inlay gi-aft, the cut surface of 
the deep epidermis and the skin papillae are presented to the bronchial lumen. 
This siirface forms a suitable bed for the ingrorvth of bronchial epithelium, 
bhonld this fail to occur, new sriuanions epithelium can regenerate from the 
papillae, thereby affording a good opportimity for metaplasia. If the epidermis 
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submit to excisional surgery. This relieves their sjuuptoms. Also, it frequently 
relieves them of considerable volumes of good lung tissue, and that is the 
trouble. Pneumonectomy or lobectomy should be performed forthirith Tvhen 
the lung or a lobe is diseased, but one he.sitatcs ad^^sing removal of a good lung 
because its air passage is stenosed, even with the suspicion tliat matteis irill get 
woi'se as time goes on. Figs. 7 and 8 illustrate two patients in this group. 

The preceding rather gross evaluation of the clinical circumstances 
ordinarily obtained from healed or healing tuberculous bronchostenosis desig¬ 
nates a number of clinical states in which reconstructive surgery of the air 
passages seem highly desirable. 



iTilv fionic bron 

, , '--Another e.xample of Group 4. ScattereU. healed ^^onchus. 

chiectasls. exists on Oie left. The planlpram shows stenosis block. Sputum h»- 

are a rather severe, persistent cough, wheeze, and episodes of Bpuv jndlcated. 
been negative for over one year. Reconstruction of the left broncluis 


PROPOSAL 

The surprising healing and regenerative powei’s of the 
other wall structures of the dog’s trachea and bronchi have been e 
by Taffel,^ Hanlon,^ and Daniel.^' In the experimental suh- 

of epithelium over degenerating fascia, gelatin sponge, and ^ as 

stances, as well as the regeneration of cartilage rings about sue i 
glass tubes, have been observed, indicating a healing response o 
beyond ordmary expectation. ,. certai** 

In addition to these favorably prophetic experimenta i similar 

clinical facts suggest that the human trachea and major Glea^) 

properties, and might be highly receptive to reconstructive sur 
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can 1 m! more narrow and less euiwed. Tlic length of the bi'oncliini incision is 
measured and a pattern cut from paper, which is cun’cd and ap])roximnted to 
the broneliial defect. The graft is ent somewhat larger on all side.s. The wire 


i x 




iRight Pdr^scapular 

i . Incision 


(jrdftlnStrcptomyai^- 
PenlctHin Sofut/M 
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d/fsSL»biutdncow ' 
fat removed. 









Jpjdermls removed , Cv'Uaj^er than poffcm Laced y/lth ^Swlre 

51c. 9.—Drawlnpi Illujtmlinff tho technique of proparinc n dermal graft for a bronchu*. 


fit. I'agui 
Esophagus 

rachea 



^ Lt 

Phrenic 


Jj^-Upper LobeRemoveefi Lt.5lde -flortd nobllMtl 




■Dilator 



Qroft moulded over large I Suture lln 
S^irylc ol' dl/ato.r w/tti fingers! I ■ wuh ( 


tes covered 
I gelfoow. __ 


finssx^. 

10.—I>raT[in« illuntratlnc tlw expowre of tho main bronchoa and lower trachea on tho 
rlgljt and left ■ides, and the technique of InJarlng dermal grafts. 
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■were not removed, it would probably slough off and be expectorated. Until 
then, a suitaldc surface for the ingrowtli of bronchial epithelium would be 
ah.sent. For the above reasons the derma is recommended for bronchial grafts, 
and is considered superior to full thickness skin. 

TECHNIQUE 

Dermal skin fulfills all the proposed requirements except semirigiditr. 
This can be provided by stainless steel rvire when it is laced through the graft, 
as depicted in Fig. 9. This di.sposition will not prevent give and motion in 
either axis, so that some degree of pliability is preserved. The technique of 
demial grafts to the main bronchi is illustrated in Figs. 9 and 10. Experience 
to date has uncovered some details that might be useful to those interested in 
performing the procedure. 

The face do'wu, prone position, ■udtl) the opei'ated side tilted lo'wennost, is 
unqnestiouabty the best. It permits a direct posterior exposure, reduces 
mediastinal motion, and prevents “spill” to the good side. 

Exposure on the right is simple. On the left it is usually necessa^ to 
mobilize the aortic arch for adequate exposure of the lower trachea and hi ^ 
tion. Such mobilization is likely to injure the recurrent laiyngeal nerve un ess 
it is identified and protected. 

The esophagus tends to bulge into the field and must be i*etracted, t i 
frequeutlj' exposes the thoracic duct which can be protected with a pne^ ^ 

quently, the pulmonary arterj’’ is involved in an upper lobe hi’onehi ^ 
separation injures it. It must be preserved. This has been aecomp i le 
temporarj^ occlusion with a soft clamp, and the application of a smii ^ 
Gelfoam held in place with overljdng arterial sutures taken in t e a 
arterial wall. 

Before incision of the stenotic bronchus, tlie intratracheal 
advanced by the anesthetist, and guided into the opposHe mam 
a palpating finger. After the bronchus is opened, it is caretu y 
washed -with streptomycin-penicillin solution, and packed \vith gauze s ^ 
the same solution. In the meantime a suitable dermal graft is as 
the ellipse of skin removed at the piimary incision. 

The graft should be cut somewhat larger than would be of 

not have to be stretched taut. It should come to abrupt ends. to 

ivire (28 gauge) should be -wide enough to provide a fairly -produce a 

the graft. Tliis is most important, for insertion of a flat gra is 

wide slit, rather than an open lumen. The -width of the gra , be 

determined largely by the width of the ware loops. The ^de uiU 

about the same Avidth, but does not have to be -wider. A graft % i 
form a % inch lumen diameter Avhen it is curved into a semicnc 
of the graft is a matter of judgment as well as measuremen.. jj^onchial 

the width of the opened bronchus, and its shape. If the pos eri^^ 
wall is thin and retracts, leaving a flat scar, the graft -edll ha-re 
a full curve. If the bronchus itself has some curve and is fan y 
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the lironcliial lesion followe<l trentmcnt with gtrcptonijcin. Tlierenftor, the course was one 
of Intermittent ateloctfisls with positive aputuni, oougii, wheete, and (llminished breath 
sounds, despite a second course of streptomycin. Four months previously, bronchoscopy 
revealed a healed stenosis of the right bronchus nt the enrina, with a 3 mm. lumen. Plan!- 
grams allowed tlds lesion to involve the whole right bronchus. Sputum culture was still 
sensitive to streptomycin. 


Els. 11 (Case 1, A. F.).— A, Boforo opomtlon; rocentlr Increased partial atelectasis 
nsM upper lobe. Sputum positive. B, After right upper lobectomy and dermal graft of right 
raaln bronchus. Sputum negative. 


12 (Case 1. A, F.),— C, Plsnlgram before operation; Irregular marked stenosis right 
.1 Elanlgrani two months after right upper lobectomy and graft of main bronchus, 
Iot^hT 4 .''^•thln the graft Is poorly reproduced and the first portion of the main bronchial 

lom^ “ a more anterior plane of focus. Bronchoscopy; graft covered Avith epithelium. 
extSS..? 1 . dlstorte<l when forced anterior br a straight scope. Bronchoscope with an 
— Ulamoter of S mm, passed Into lower lobe without dlfflculty. Graft possibly too 

snd not sumdenUy rouncQ. 
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is laced through the graft for a distance approximating the bronchial incision. 
Long loops should oppose the narrow portions of the bronchus. The short loops, 
on tlie ends, oppose the trachea and bronchi above and below the stenosis. 

Eedundant skin is left, at each end of the gi’aft, by Avhieh it is manipulated. 
The cut surface of the epidermis is applied to face the bronchial lumen. The 
graft is anchored to the posterior tracheal surface, proximal to the bronchial. 
incision, with a mattress suture. Here the graft lies on the posterior tracheal 
wall; distal to this the graft is brought into the defect as an inlay, and sutured ; 
into place. Every now and then a suture is taken to include a wire loop. The 
distal end of the graft is fixed in a similar fashion. Thus a small wedge of 
graft is not made to fit into the angles of the bronchial incision, the mostlikelv ■ 
point of leakage, or graft slough. Stainless steel, 35 gauge, multistrand, \virc 
sutures on atraumatic needles are used throughout. 

Before completing the sutures a large ceiwdcal dilator is inserted into the 
bronchus, and the -wire loops and graft ai'e molded over it w'ith the thumb and 
forefinger (Pig. 10). This produces a inund contour, and forms an op^ 
bronchial lumen in contrast to a slit. The suture lines are tlien covered with 
narrow strips of Gelfoam previously soaked in strcptomycm-penicillm solution. , 
These strips should cover only the suture line, and not the main surface of t e , 
graft. It is hoped that the latter wall be a source of blood supply. The ■ 
tracheal catheter is then drawn back into the trachea, the lung or lobe in ate 
and deflated, and the graft tested for air leaks. 

Postoperative treatment is the same as for any resection, plus the routine 
use of antibiotic inhalations and expectorants. Bronchoscopy is done i 
or sjTnptoms of bronchial obstruction occur. It is not warranted for simp .. 
“a look at the graft.” As a rule, a good airway exists immediate^ 
operation. Obstruction by graulation tissue, loosened mucosa, and 
exudate is likely to occur. "When it produces a wheeze it should be rem 
by bronchoscopic aspiration. . ^ 

The following four eases are presented only as erfdence of the mmi ^ 
efiicaey of dermal bronchial grafts. All the patients are too recent} op^ 
upon to warrant any statements regarding the final fate of such gia ts, or 
term end results. In each case, by present standards, pneumonec o 
indicated and avoided. So far, each clinical result has been goo , an 
patients are well. On the other hand, postoperative bronchoscopic n 
been difficult to appraise and, on the whole, disappointing. Despi e ® 
full “takes,” and early epithelization, the bronchial lumen attaine ^ ° 
has not pei-sisted unchanged. This is believed to be the consequence o 
technique and inexperience, or poor timing of the procedure in res 
state of bronchial healing. It could mean, however, that stenosis wi 
recur. 


CASE REPORTS 

Case 1.—A. F., woman aged 29 years (Figs. 11 and 12). illness vas 

losis was discovered three years previonsly. One year previously, a su pnenme^ 

characterized by a positive sputum and a cavity in the right upper 
thorax was abandoned after it produced a wheeze and atelectaste ^ ^ ° heahn? 
disclosed ulcerocaseous involvement of the right main broncHal on ce. 
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The patient's tcmpemturc rcmo to 102" F. on the flrat dny. It was 100* F. on the 
third daj and normal thereafter. A pnlflo of 120 on the first day was normal after the 
fifth. The lower lobo filled the pleural space by x-my cxnminotion on the first day. Normal 
breath sounds were audible on the left at all times, Tlio right pneumothorax was maintained. 
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At operation the middle and lower lobes were blocked in an inflated state. The upper 
lobe was hard and could not bo inflated; its bronchus was scarred, stenotic, and occluded 
with caseous exudate. The upper lobe was removed. The right main hronclms was markedlv 
narrowed. The posterior surface was easily exposed, narrow, and slightly thickened. Palpa¬ 
ble and visible cartilage fragments were few in number and irregularly disposed. The 
posterior wall was opened from the lower lobe into the trachea. The lower and middle 
lobe bronchi were normal. Clean mucosa existed on the posterior wall hut the anterior 
bronchial wall was caked with a moist, yellowish-white, flbrinous membrane which was I^ 
moved, revealing a clean, finely granular, vascular surface. The stenosis was most marked, 
at the Carina and opposite the upper lobe. A graft was inserted, as depicted in. Figj. 9 
and 10. It was not well rounded. A lumen was obtained which admitted an aspirating 
tip measuring 9 mm. in diameter. Inflation and deflation of the middle nnd lower lohe? 
was easily accomplished. 

The highest postoperative temperature was 100.4° F. on the first and second day*. 
The pulse did not exceed 100 and was normal after the fourth day. Expansion and aeration 
of the right middle nnd lower lobes have been present by physical and x-ray examination 
ever since operation. Because of a wheeze which increased in pitch, bronchoscopy was done on 
the eighteenth day. The graft was clean, pink, and appeared covered with cpitheliom. The 
bronchial lumen was oval in shape nnd partially' obstructed by thin, edematous, filmy tissue, 
or exudate, hanging like a curtain from the anterior bronchial wall (site of the caked exudate 
at operation). It was easily removed by aspiration, obtaining a bronchial lumen whic 
admitted a scope (external diameter 8 mm.) into the lower lobe. The wheeze disappear 
and later recurred. Bronchoscopy' six weeks after operation again showed a small amoun 
of tissue on the anterior wall at a lower level. It was removed by suction. The stomp o 
the upper lobe was healed nnd clean. The last bronchoscopy, nine weeks after 
showed complete epithelization of the graft. The most proximal wire loop of o 
bulged into the trachea. Just above the middle lobe orifice, at the distal end o e 
the bronchial lumen appears as a slit. It accepts a 5 mm. bougie easily. T us gra 
regarded as too short, too flat, and too narrow near the ends. 

Case 2.—D. K., woman aged 38 years (Figs. 13 and 14). Din^osis tuk^^ 

losis made four years previously' because of light bilateral apical infiltration. 
increase in extent of disease one year previously was treated with pnenmoperitoneu 
streptomycin. The wheeze was relieved but the sputum remained positive. Pneumoj^ 
was abandoned and right pneumothorax started nine months prexiously. Two mon 
operation the left upper lobe became atelectatic with the usual signs nnd 
bronchial obstruction. Bronchoscopy revealed a healed stenosis of the left 
with a 3 mm. lumen at the carina. Within two months an appearance 
ectasis of the left upper lobe occurred in the roentgenograms. Plnnigrams s lo 
of the whole left bronclius, normal lower lobe, and probable occlusion o 
The sputum was positive. ,^^3 

At operation the lower lobe was normal. The upper lobe contained only sru^^^P^^ 
of air and could be partially iuflated from the lower lobe across the hilar prond"** 
fissure. The apex was hard and irregular; the lingula was solid. The ’iPP®’_ 
was very small and inseparable from the pulmonary artery. Careful dissection ro 
structures at once. Caseation of the broncliial wall was complete at tliis pom 
was temporarily' occluded and repaired with a small patch of Gelfonm he ypper 
overlying arterial sutures taken in the adjacent adventitia. Uissection o Ti^ 

bronchus centrally provided solid scar for its suture. The upper lobe jumffl 

entire left bronchus was ojmned. There was a stenosis of vary'ing opJ posterior 
at the carina was about 3 mm. The largest lumen elsewhere was 5 tiy nan?' 

membranous portion was somewhat thickened and narrowed; it '^mucosa was thk 

fragments of intact cartilage. There was no exudate in the lumen. granukf- 

and apparently absent in some areas where the surface wus imeven ^ jj, pigs. ® 

The lower lobe bronchi were normal A large graft was applied, as 
and 10, and the lower lobe easily expanded. 
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effusion. Two yenrs beforr npemtion, rcneUmtion o<Turro<] nnd brondicwropy di/»cloee<l 
al«rocnB«iQfl involvomont of the* left upper lobe brondiuft. Tldn Icoion rrRroM(?d nnd flnred 
intermittently for over n yenr. Ilenlinff flnnlly followed Ji tliree-niontli rounw* of utrcptornycin. 
Bronrhojiropy ^ho\ml rontmctlon of the loft mnln broarhux but the upper IoIk* orifice could 
not bo eoen. A esrlty pereJetfVl in the rt|>i>er Jnlie nnd n fin*f tftRRc thomenjjlnffty WRfi done. 
Dyspnea was nmrke<l In the early poKtopemtire period. After n few months even mfld 
exertion produced some shortiieM of brentlu Ventllntory sfndies contraindicated furtlier 
thoraeoploBty. The sputum remained positK-e.. Plnnipmms sbowtxl sharp angulation and 
stenosis of tho dlstnl left bronchus, and a thick-wnllod cavity in the partially collapsed upper 
lobe. Tlie extremely low roapimtory function wna out of proportion to the x-my nnd 
clinical flmllnps. It was felt that dyspnen was possibly due to expiratory block of tlie left 
lower lobe. Despite tlie obviously despemto risk, operation was undertaken with the hopo 
of excising tlie upper IoIk* nnd restoring the lower lobe to lietter function by correction of 
the bronchial deformity. 

At opemtion the hard, airless upper Join* was freed In the extrapleural plane. The 
Assure was fused. Tlie lower lobe contnlnwl no palpable induration; it did not deflate except 
with mnnnnl pressure. The upper IoIk? bronrlma was represented hy dense scar inseparable 
from the pulmonary artery. A portion of the bronchial wall was excised and left adlierent 
to the artery. Tlio upper lobe bronchus contained rju-eous exudnte. The upper lobe was 
removed. Tlie whole main bronchus was scarred. Cartilages were absent in the distnl 
portion, opposite the upper lobe stump, and here the bronchus was soft and collapsible. 
The lumen measured about 4 mni. The bronchus made a slinrp angle nt this point and wns 
lined with thin mucosa which appeared normal on the posterior wall. Tlie lower lobe bronchi 
were nornuiL The distal lialf of tlie main bronchos was reconstructed with a dermal graft 
PoUowing this, the lower lol >0 could bo inflated at will. The left phrenic nerve was in- 
Klrertently cruslied with forceps during closure of the metllastinaJ ]>lPara. 

On the first poftopemtivo day tho tempemtnro was ]02* F. and pulse 140. On the 
third day the temperature was 100* F. and poise 110. Tlie left lower lob© was well ex¬ 
panded but aerated poorly. Fluoroscopy reveled elevation and paralysis of tho left dia¬ 
phragm. On the sixth day breath soon^ w©ro more diminished nnd bronchoscopy disclosed 
partial bronchial obstruction by a flap of loosened mucosn Just above the graft. The graft 
was intact and pink in color. However, the bronchial wall was rather soft and the lumen 
flattened. It was possible to pass a scope, with an external diameter of 8 mm., beyond 
the graft Following bronchoscopy, oerntion of the left lower lobe improved and three 
weeks later the cJiart cur\*e« were normal. Since then there has been no Indication for 
bronchoscopy but the loft diaphragm has not recovered its funcHon. 

—R. C., woman aged 20 years (Figs. 17 and 18). Onset two years previously 
with acute laryngitis and a dense, left upper lolie containing a cavity. The larynx improved 
bronchoscopy & year later showed active caseous involvement and stenosis of the left 
ronchus at the enrinru Three montlis later, after streptomycin, this was healed and the 
omen measnred 2 to 3 mm. Tlie sputum became negative. Atelectasis of tlie left upper 
was intermittent until one montJi before operation, when it increased and persisted. 
^ was increased cough and occasionally purulent sputum which was negative. Eiomi* 
*“bon revealed a wheere, and diminislied to absent breatli sounds over the whole left chest, 
Plinlgrams sliowed stenosis of tlie whole left moln bronchus and apparent occlusion of the 
lobe bronchus. 

At operation the lower lolx) was hyperexpanded. It contained no palpable nodules or 
lotion. The upper lobo wns a small, firmly puckered structure drawn down toward 
* mm. It contained, nmny small, hard, palpable nodules. Tlie secondary bronchi of tho 
^per lobe were all dilated. The upper lobe bronchus itself was short, contracted and hard, 
c lumen was completely occlnded by healed scar. The upper lolw was removed. The 
bronchus was markedly contracted. Tlie posterior surface was eatrily exposed. The 
nmous portion wns narrow nnd only slightly thickened. Irregular fragments of 
^ mge were visible and palpable at tJie margins. Tho lumen was lined with thin mucosa 
exhibited numerous pits and linear depreeslons. There wns no exudate. The lower lobe 
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an external diameter of 9 mm.^ was passed into the lower lobe. The bronchial lumen ms 
somewhat flattened; it is felt that a more rounded graft would have been better. There 
has been no further indication for bronchoscopy and the sputum is negative. The right 
pneumothorax is being discontinued. 

Case 3.—E. Y., woman aged 24 j-ears (Figs. 15 and IG). Left pneumothorax, started 
for an upper lobe cavity in 1942, was discontinued after two years Irecause of pleural 



■ operation; normal right Hmejncom^e^ 


Fig. 15 (Case 3, E. T.).—A, Before operation; normal right 
left. Ventllatorj' studies much poorer Oian Indicated bv noalUve. B, After 

coplastj' avoided because of dyspnea with mild exertion. Spu^ ^|‘ p,^retlc left 
lobectomy and dermal graft to the distal half of Uie 1®^, „ tl,e left lower lobe. ^ P 
from operative trauma Is responsible for diminished aeration o sputum negate 

this, its clinical function is as good. If not better, than before lonecionij^ 



- ]gft 

I before operation: 

after operation; bronchial lumen good, angulation oorr^ed. ? wall Is s tvou' 

ter^ diameter of 8 mm. passed Into low^ lobe. Wlio e^roncm ^ grm 

lui^ varies in shape as the bronchus is straightened bj me st. v 
be more satisfactory. 


Fig. 10 (Case 3. E. Y.).— O, Planigram 
bronchus with marked angulation, and sev 




qebaver: RF^coNsmucnos of tuberculous bronchostenosis 


623 


first da 7 . The drainage tube and suction wore diHcontinuod after forty-eight hours. Blnco 
operation, normal breath sounds hare been nudlblo o\'er the left chest. Mild dysphagia 
was present for two weeks. Tho left Tocal cord still poralyred five weeks after operation. 

At bronchoscopy the graft appeared covered with epithelium. Tlio upper end of the 
wire within the graft projected from the posterior tracheal wall, Tlio lumen at the carinn 
was about 5 mm. This narrowing was doe to a crcscont-shnped partition of tissue wlilch 
was displaced with tho tip of tho acopo. A standard 7 by 40 scope was passed to the lowor 
lobe branches. Beyond the carina tho bronchial lumen was clean and large. 

This was a big, well-rounded graft. The recurrent narrowing at tho carina was dis¬ 
appointing In view of the excellent state of the graft and the bronchial lumen beyond it. 
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DISCUSSION 

dr. E. j, O^BtEK, Detroit—WTicn I was in Hawaii in January, I was so impressed 
Dr. Qebaner's results with dermal graft that I nsked him to present his work at this 
®®*tlng. With his inherent modesty he wns reluctant to report so small a series of sncceaafnl 
operations, but I persuaded him to come and present Ids work as a preliminary report. 

Dogs are very difficult to obtain in Hawaii. I, tlierefore, promised him I would try some 
o^riilaginous transplants, jKirtions of bronchi, trachoos, etc. 

Dr. Jackson, who Is one of our residents, has done much of this work. With your land 
I should like to have him tell you whnt we have found to date. 

I want to make It dear that this work was done at tho instigation of Dr. Gebauer, and 
M such is really a coHaboration and not a discussion. 

DB. T. L. JACKSON, Detroit,—We hove been interested in the healing of the trachea 
and bronchus for some time. At present we have ten dogs in which we have nsed fresh 
bronchui and tradieal grafts to close defects. These sections of the trachea have been 
from other dogs. The grafts have been prepared by removing the mneoso and serosal 
•orface and some of them have been prepared in solutions and refrigerated for as long 
■I three weeks. To repair tho bronchus wo hove used a large cylinder of trachea, removing 
the membranous portion completely. A portion of the main bronchus was resected and 
this section of trachea placed around both ends of the bronch\m so that the continuity of 
main bronchos was re-established by a tube of trachea which is completely surrounded 
by cartilage and, for that reason, fairly rigid. We have observed the dogs for two and one- 
balf months. At present there is evidence that the mucosa is covering the grafts completely, 
^ dogs are well, and we sec no evidence of a significant stenosis. However, it will be 
necessary to keep the dogs eight months to a year, sacrifice them periodically, end at that 
^0 we will be able to tell whether the grafts fulfill all the conditions Dr. Gebauer says 
be fulfilled. It is our opinion, however, that tho grafts merely act as a framework 
for the mucosa to grow over and for possible regeneration of tho other structures of the 
^h«. and bronchial waU. 
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brondius and dorsal lobe orifice wero normal. The stenosis nas most marked at the cnriim and 
just proximal to the upper lobe stump. A dermal inlay graft n-ns applied, as depicted in 
Figs. 9 and 10. It was approximately % inch Avide and 2’/4 inches long. Tlie aortic arch 
was mobilized and retracted to ex-pose the trachea and central portion of the hronclras for 



_’ls. 17 (Case 4. R. C.).—A, Before of “the upper*’?obe diest 

upper lobe. Sputum negative. *"?*7’if®/i*?rt^nhBpnt%reath sounds over whole let 

creased cough and wheeze occurred. Diminished to absen , , main bronchus. 

R Affof lr»ff unnor Inhnrtnmv nlid a dermal CTait tO tnO wnoie juu. 



Ipft 

:. “bronchial 


Fig. 18 (Case 4. H. C.).—O, Planlgram l’ef°''\f^^™perailo®n1”ffood broncWa^^^^ 
bronchus, occlusion of the upper lobe bronchus. V, After p open, round 
well-rounded graft. Graft eplthelized within five n oeKS. go 
men beyond the oarlna. Possibly recurring stenosis at tnc 

rent Inrpgea' nerrt- 

suture. Retraction of the aorta caused considerable stretch of 

After the graft was applied, the lower lobe biflated and de a e second dsf' 

The highest postoperative temperature was 100.1° F. and pulse expand®^ 

Both were normal after the fourth day-. The lower lobe was comp e 
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The following: is a report on the statiLs of each of the patients reported 
in the preceding: paper a year or more after operation. 

Cakr ].—A. y. (Kip. -0). Tlio upper, extreme oml of the wire within the praft wtu ent 
ind renjovpil from the poeterinr tmchcal wall throuph a hronchowope. The bronchos, six 
montlis nftor opomtion, wns clean and pnsteninp. The lumen was o\'h 1 and email at the 
flMal end of the pmft. A 0 nmi. dilator wne eaellj pnesod. The patient was dlechorgod 
eight months after operation, sputum nepatire, free of symptoms, and the chest examination 
wns normal. One year after opemtion the patient Is working part time; there are no 



JO (Case 1 , A. F.p—A, Client film one >T?nr postoperatlvo. B. Unmarked planlxram of 
trachea and bronchi elffht niontlis after operatJon. C, Same, marke<t. 


“JTnptoms. Slie leolj that she can breatlie much deeper and easier than before operation, 
Itronchograma show the right main bronchns to have a caliber about one-half that of the 
eft main broncliofl. Tlie grafted bronchus is evidently physiologically adequate, althongh 
far from anatomically perfect. 

2.—D. K. (Pig. 21). Thero were never any significant bronchial symptoms in the 
^stoperatlye period. Good breath sounds were always audible on the left. A standard 
' hy 40 bronchoscope could be passed tlirough a clean, smooth, grafted bronchus and the 
lobe branches inspected. This was difficult because of stiffness of the bronchus and 
®*®ffgOTuted upward curve (Fig. 21, -B). The patient professed a marked improvement in 
»reathlng capacity. Undoubtedly some of this was due to expansion of the small right pneu- 
wothorax. Eight montlm after operation n niodilled thomcoplnsty was done over the expanded 
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DR. EDWARD J. O’BRIEN, Detroit.—Thank you for allowing Dr. Jackson to discnss 
this paper, but this is such an integral part of Dr. Gebauer’s talk and it was all at hij 
instigation; none of the ideas were ours, they were all Dr. Gebauor’s. I thought it best to 
have Dr. Jackson talk first. 

ADDENDUIM AND FOLLO^Y-UP, NOV. 30,1949 

The reasons for the disparity lietween the particularly good clinical results, 
and the sometimes puzzling hronchoscopic findings, have become apparent 
since the submission of the preceding paper. They arc depicted in Pig. 19, and 
were elaborated in a report already published.® 


n V* I /-V Y“ 



Stenosis greatest on 
dnter/or A /atcraf v/difs 


3 . 



shifted posterior 



Longitudinal section 
thru 5teno5l5 



Section thru grd ft,lumen 
appearfi ovdiihru scope 


Fig. 19.—Drawing demonstrating the usual transposition of tlie bronchial lumen by 
demial graft, and the consequent hronchoscopic appearan . 


posterior 


In addition, it seems that.a bronchial passage does not haie to ® ^ 
in caliber and contour to he pliysiologicaliy adequate. Evident!} 
crucial point in the degree of bronchial stenosis or deformity in eac in 
case. Until a stenosis reaches this point, Inng function is practica }^^^^ 
and there are few significant clinical symiptoras. On the other lian , o 
crucial degree of stenosis is obtained—^^vhether by jjatoiT 

inflammation, or dried secretions—cough, wheeze, x-ray erideiice o 
block, or intennittent atelectasis occur, and a gradual process of imS 
tion is initiated. Iji-onchi 

It is quite likely that dermal bronchial grafts wiLL restoie sucli 

to normal shapes and dimensions only occasionally. The inci is 

results depends on many factors. Of these, the experience of t le o 
highly important. 


•Hawaii M. J. 8: 413-418, 1040. 
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. ^Flg. (Ca« I. E. T.).— A. Che»t film ono year after bronchial craft, left diaphragm 
ha» deacended. Note low, flat dltvpUragm, typical of cmphrMnm. B, Planlgram of trachea 
and bronchi »ame time. 
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left lower lobe because a light nodular infiltration appeared in its apex and the Bpntnm 
became positive (Fig. 21, A). Cultures were still sensitive to streptomycin and a three- 
month, 90 Gm. course was administered. The patient had no difficulty with the one-Btage 
thoracoplasty. She was discharged one year after bronchial graft, symptom free, aad 
sputum negative. Physical examination discloses no difference in good bilateral breath 
sounds. This graft is considered anatomically, as well ns physiologically, adequate. 


' 7- 


Figr. 21 (Case 2. D. IC)— A, Chest film eight 
tration expanded apex of left lower lobe. B, Planlgrarn of timch inonths after 

Sputum positive. O, Chest film one year after bronchial graft ana 

plasty. Z), Planlgrarn same time. ^ 

Case 3.—E. T. (Fig. 22). Considerable respiratory improveinent indicate 

left diaphragm began to ftmction five months after operation, Venb a q>j,ej also 

a 300 c.c. increase in vital capacity compared to preoperative de 




EVALUATION OE EXTRAPLEUBAL PNEUJIONOLYSIS AND 
PARAFFIN PLOIIBAGE FOR CHRONIC PULMONARY 
DISEASE 


H. Ryf-rson DECKEit, JLD. 

PiTTSDURaH, Pa. 

T he opcmtion of pnrnffin plombnue following extrapleural pncumonolysifi 
for collapse treatment of pulmonnrj- tnbereulosis was proposed by Baer and 
used first imder his direction in 1913, when other materials aimed to stabilize 
and maintain extrapleural collapse, .such a.s fiit, inuselcs, gauze, liad pioved un- 
satLsfactorr'. In the years following it had considerable vogue in Eui-ope. In 
this country, however, the jiroeedure has never had popularity nor uddespread 
use, judging by the comparativel.v few reports in the literatuie. The purpose 
of this paper is threefold: (1) to review briefi.v the indications, limitations, and 
technique of the oiwration; (2) to report a small series of my omi eases, twenty 
in number; seventeen for pidmonarv tnbereulosis and three for nontubcrculous 
pulmonarj- suppuration; (3) to evaluate results a.s reeonled in the literature. 

Ploinbngo cun Iw used successfully to oecomplish tlie collapse of a localized 
liiherculous lesion, and particularly one with a coexistent cavitation. The ideal 
location is the apex of the lung. The distinct apiwal of the operation lies in the 
fact that it is not ottlinaril.v a hazardous surgical proeeelurc, resulting in mor- 
tnlity, and therefore, may he undertaken in cases of poor surgical risk, either 
on account of tuberculosis or s.vstemic disease. Furthonuore, because of its 
selectisity, it spares good lung and conscn’cs vital ea])acit.v. If plombago fails 
to accomplish its collapse objective, tlioracoplast.v may still l)e utilized. 

Plombage can l)c either an elective primary’ operation or one supplcmcntar.v 
to other collapse procedure. It is chosen in praference to other methods of 
collapse therapy such as intrapleural pncunionol.vsls. phrenic crush, or thoraco¬ 
plasty, when tbo.s’ have been judged either not feasible, not scndcahlc, or too 
hazardous. In the poor risk group, it may be undertaken to im])rovc tho con¬ 
dition of tho patient in preparation for a later thoracoplasty'. As sccondar.v 
operation, plombage is used when other methods have been tried and have failed 
to close cavitation. 

Most cases in which plombago is to be used have far-advanced bilateral 
tuberculosis and doraonstrablo single or multiple cavities. E.xporiouco has 
shown that the ideal group has a unilateral lesion extending not lower than the 
Second intercostal space, and a cavity' not more than 2 cm. in diameter. The 
scope, however, is much broader and includes the following groups of ca.scs: 

1. Unilateral lesion which extends not lower than the .second inter¬ 
costal space 

2. Unilateral lesion rvith low vital capacity 


tUy UUo) at tho Twontr-olchth AnnunI Mcolino 
•noraclo Surserj-, Quebec, Canada. Mnj- 31. Juno 1. J. lots. 


of Tho Amorienn Aoooointlon for 
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support tlie clinical impression of severe emphysema, probably present a long time before 
the first-stage thoracoplasty. She still has dyspnea on exertion. Eight months after operation 
.she was transferred to an ambulant ward preparatory to discharge. A bronchoscope with s 
(3 ram. lumen could be passed to the branches of the lower lobe without difficulty, but the 
bronchial wall is rather soft in the region of the graft; otherwise nothing can be observed 
to distinguish the graft from the remainder of the bronchus. On the ambulant ward the 
patient had some difficulty with a long walk to meals, and a severe secondary anemia 
occurred. This was corrected and she is about to be discharged from the hospital AH 
sputum e.xaminations have been negative since operation. 

In summary, it is felt tliat thoracoplasty was contraindicated in the first place, becanse 
of an unsuspected emphysema. Lobectomy' has probably arrested or cured her tuberculosh, 
but has not materially altered her prognosis. The bronchial graft has undoubtedly im¬ 
proved the respiratory' function by' permitting better use of the left lower lol)e. 

Case 4.—E. C. (Fig. 2.S). Subsequent bronchoscopies revealed a good bronchial lomeii 
over S mm. in diameter and apparently' lined with clean epithelium. The early pessimism 
was unwarranted. The protruding wire was cut and removed from the lower trachea. Since 
then no wire has ever been visualized and an excellent bronchial lumen is present. This 
patient feels a marked improvement in breathing capacity. As before operation, sputum 
examinations have remained negative. She was discharged five months after operation. 
She had no symptoms and normal breath sounds on both sides. The preoperative hoarseness 
has been increased by the addition of a persistent left vocal cord paralysis to a scarred 
larynx. One year after operation she is doing aU her own housework and is symptom free. 
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body reaction linn formcfl u connective t{83*ac cnpuule nml ndoqunte Mptura or shelf Ijeuontli 
the ping and ulxjvc the collapsed lung to prevent nngmtion of the paraffin. Crvvltio* 'will 
dirainiah in size qalckly or gradually to the point of oblitemtion, depending upon tlie speed 
of cicatriration In the Individual case. 

ily own group of 17 tul>ercnlous |mtlent« wore largely war vetemnj in nn age group 
of tho fifth and sixth decades, and known to have liad tuljerculosis for six raontlis to eleven 
%‘cnr«. All, with ouo exeeplion, had far-adv-jmeed bilateral disease, and all had cavitation^ 
The disease was limited to upper 1o1k*s in 13; 4 eases had scatterefl involvement in other 
lobes. In 1 case there was a unllatcnil Inuillar lesion^ Tho sputum was laden with tubercle 
liaclUL In only 4 cases was the oi>emtion a primary pnve<lnre. RJeven had had a previous 
ineffectual artificial pneumothorax; 2 of these nlwi n phrenic crush. Two had Imd only n 
previous phrenic crush. In almoat every instance a thoracoplasty wag considered, hut de- 
clde<l against either on areount of the patient’s comlition as contraindicated at tJie time or 
because the patient refusetl to have it. Two patients had plonibage ns a last resort, and 
both did badly. Cavities wore unilateral in 8 cases, bihitoral iii fi, and ranged in sire from 
114 to 4 cm. Bilateral operations wero done in 2 cases, uere proposed, bat refa.sed in 3 
other*, la 1 enso the operation was attcn»pt(Ml but not com}>k‘te<l, l)ocause a cleavage Hue of 
the pleura could not bo obtained. 



CASE REPORTS 

Case 1.—H, D, J. Clerk. Age, 57 j^ears. Byraptoms f*r one and one-htdf years. Ad- 
Veterans Hospital, Aspinwall, February, 1930. Bilateral upper lobe tuberculoids to 
fourth spaces. Cavity, right lung, 3Ji cm.; left lung, 2 cm. Bputum positive. Befused 
Ihoracopiajty, Plombage, June, IPSO. Hov’oenin nuesthesin; 350 Gni. pack. Two-incli 

''ctlon third rib. In August, 1030, cavity closed. Sputum negati^•e. Plombage was planned 
^or left apex. Patient went A. W. O. L*. Has not been traced. 

Case £.—p. r. Salesman. Age, 41 years. Symptoms for two years. Admitted 
Aspiawall, 1535. Bilateral lesion, infiltration botli upper lobes with small areas of dlseaso 
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3. Bilateral lesion witli contralateral lung inactive 

4. Bilateral lesion ■with both apices active in good risk cases 

5. Bilateral lesion, active tuberculosis in opposite lung 

CONTRAINDICATIONS 

Plombage -n^ill prove disappointing in the following groups: 

1. Where the patients are seriously ill ■nith low resistance 

2. Where it is undertaken as a matter of last resort 

3. '\^^lere the disease has extended to the middle or lower lobes 

4. Where the disease is acute 

5. AVhere ea’vities are extremely rigid or more than 4 cm. in di¬ 
ameter. 

OUERATIVE TECHNIQUE 

The operative technique is not complex. For apical lesions posterior o.xposure is prefer¬ 
able to anterior approach, chieflj' on account of the better skeletal muscle support, ^itli 
a paravertebral incision centering just above the spine of the scapula a section of the third 
or fourth rib when removed will give good access to the apex of the lung. Once the line of 
cleavage between the parietal pleura and the endothoracic fascia is established, careful gentle 
dissection with the finger, or a gauze sponge in a holder will mobilize the apex of the upper 
lobe satisfactorily. Frequently several resistant fascial bands will require sharp 
and ligation between clamps. The procedure can bo almost bloodless. At times it 
impossible to secure a safe lino of cleavage and the operation will have to be abnn on 
Tills happened in one of my cases. At other times difficulty will be found in separa 
the mediastinal pleura, and it may bo the part of wisdom to desist to avoid j 

long or great vessels. Sioparation should be sufficient to secure good lung 
apparently to prevent the cavity from being pinned against the vertebral column. d ^ 
wise separation should not bo so extensive that it docs not afford a proper suppo 
for the paraffin. Seldom should the separation e.xtend below the level of t e 
There is always a tendency for a cavity to sink domiward and inward and e..cape 
Gentle handling is likely to minimize bleeding and subsequent serous exudation, 
vent perforation of the lung or pleura. Paraffin should act as a ^ ei- 

effect is to be avoided, unless in the case of scirrhous cavities, and 

cess of 500 Gm. are contraindicated. Usually' a pack of 200 to 300 Gm. ivi e 
will be well tolerated. The actual amoimt used, will depend Aftw 

ca'vity, the resistance of the lung, and the character and extent 0 le ninse'® 

paraffin with a melting point of 52° F. or more is placed in the ’careftl 

planes should be accurately closed to help prevent any extrusion o 'e^ ojnjonary or 
asepsis pays dividends, but does not prevent infection of the field peniciltm and 

pleural focus. Added safety- comes now in the use of antibiotics, as w ^ l,jfore aod 
streptomycin are instilled into the woimd, and administered with sp 

after operation. Should infection develop, early- removal of the pac is 
propriate treatment such as Dakinization of the infected cavity or myec 
biotics locally, consideration 

The choice of anesthesia depends upon the indii-idual case, t mental reaetioB- 

the general physical condition, the gravity of the pulmonary lesion, tjpB as io" 

My own practice has been to use local Novocain anesthesia and to ^Tertiu. P* 

dicated with small amounts of intravenous pentothal or ■with a basic surgery- ^ 

recent years, however, I have practically- discarded the use of Aver ggou thero- 

is my conviction that at the close of any- operation for pulmonary Local anesthe®'® 

after, it is important for the patient to cough and take deep roa 

allows this. , j^gj-ges for several da^ 

Postoperative course is usually uneventful. Fever of sever weeks, until a fore's” 
is to be expected. Best in bed is ad-visable for a period of four or ve 
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thoracoplasty. Plombago, Docorabcr, 1037. Novocain anesthesia. T\ro-inch section third 
rib right; 500 Gm. pack. March, lO.IS, cavity closed apex. Befused oi>emtion on left side. 
Discharged July, 1038. Sputum plus rero. Boadmittod July, 1030. Cavity 3*^ cm. upper 
lobe bolovr pamflln pack. Blgiit upper lobe 3 cm. cavity. Sputum positive. Transferred to 
Hopemont. Died December, 19-10, of progressive tuberculosis. 

Oabe 8.—B. \y. H. Age, -iO years. Laborer, fij’mptoms for two yeers. Admitted to 
Veterans Hospital, Aspinwnll, Soptomber, 1037. Tuberculosis bilateral involving upper two- 
flfths of loft lung and upper ono-hnlf of the right lung. Bilatoml cavitation 3.5 cm. Arti¬ 
ficial pneumothomx instituted on right side. Secured only 25 per cent collapse. Plombage, 
right, January, 1038. Novocain anesthesia. Two-lncU section third rib; 500 Gm pack. 
Spatnm converted to plus zero. Following operation developed recurrent hemoptysis. April, 
1938, phrenic crush. Did not atop hemoptysis. Bocntgeuogmm sho\vcd no diminution of sire 
of right cavity. Progressive extension of disease in both lungs. Death May, 1938. 



A. s. 

FlC. 2 (Case 6).—IT H. C., aped years. Bilateral plombate. Marked clinical liu- 
Sputum converted. A. Beloro plombaca. B. EUsht months after left end four 
"WT'th* after rlcht plombngc. 

Case 9.—8. M. Age, 39 years. Negro porter. Tuberculosis since 1934. Admitted 
■^inwall, September, 1937. Bilateral pulmonary tuberculosis involving both upper lobes 
^ far as the second interspace. On left side n 3^ cm. ca\’ity, on right 1 cm Sputum posi- 
rire. General condition good. Artificial pneumothorax instituted on left side. Partial 
ooUapse, but cavity not affected. Plombage, May, 1938. Novocain Avertin anesthesia. 
®«ctioa 1% iiicheB right fourth rib. Roentgenogram September, showed cavity 1 cm. in 
diameter. February, 1D3D, no carity seen. Sputum negative. Forty ponnds gain in weight, 
-Artificial pneumothorax continued on left side. Discharged May, 1930, with maximum hoe- 
pital benefit to return to outpatient department for continuation of artificial pneumothorax, 
iteadmitted June, 1940. Spitting up paraffln. Both upper lobes showed marked fibrosis, 
^Pwlally about tho riglit apical pock and a small fibrotic area in right apex, indicating 
cavity. Sputum negative. August, 1941, developed a spontaneous collapse of right 
I'k? wMch he made a good recovery, but a spread of the disease in the right upper 
was noted. Later progressive extension in both lungs. Apparently a new cavity de- 
'^ioped in the base of the left upper lobe. Death in April, 1942. 
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in tlie lower lobes. 4 cm. cavilj-, left upper lobe. Sputum positive. Artificial pneuraotliorai 
begun left .side, 1935; phrenic crush, Fcbrunry, 1936. Some improvement in the lung. Xo 
effect on envity. Plombage, September, 1936. Novocain Avertin anesthesia. Two-inch 
section third rib. 350 6m. pack. November, 1936, roentgenogram showed cavity closed. 
Sputum negative. January, 1938, tran.sferred to Sunmount. Discharged April, 1942, maii- 
mum benefit. No active tuberculosis. Cavity closed by plombage. Sputum negative on 
guinea pig inoculation. Died in 1943, whether from tuberculosis is not known. 


Case 3.—J. T. C. Age, 52 ycar.'i. Itcstaumnt operator. Symptoms two years. Ad¬ 
mitted Veterans Hospital, Aspinwall, 1935. Bilateral upper lobe tuberculosis with scattered 
areas in all lobes. 4 cm. cavity, loft upper lobe. General condition poor. Sputum positive. 
Artificial pneumothorax right side; secured 50 per cent collapse; left side, 25 per cent col¬ 
lapse. No effect on cavities. Plombage Alnrch, 1937. Novocain anesthesia. Two-inch section 
third rib removed; 300 Gm. pack. Eoentgenogram showed April, 1937, cavity apparently 
collapsed. Sputum remained positive. Died May, 1938, of progressive tuberculosis. 

Case 4.—E. T. Negro. Alill worker. Age, 42 years. Symptoms since January, 1035. 
Admitted to Aspinwall October, 1935. Spotty infiltration all lobes bUatcraUy; 7 cm. cavity 
in left upper lobe and 21,4 cm. envity in right upper lobe. Sputum positive. Artificm 
pneumothorax instituted on right side. Discontinued in five months. Ploinbage, rig , 
September, 1937. Novocain anesthesia. Small sections third and fourth ribs; 2o0 Gm. pa • 
Defused operation for left-sided cavity. Roentgenogram September, 1938, sinwc 
in right lung closed. Sputum still positive. Generalized extension of tiibercu osi.. 
December, 1938, with left-sided pyopneumothorax. 

Case 5.—AI. H. Repairman. Age, 42 years. Onset of tuberculosis, J , 
Castle Point 1932 to 1936. Admitted to Aspinwall December, 1936. *^°°.flvitv^lcft . 

Bilateral tuberculosis, infiltration of right upper lobe to fifth space -igiit side, 

upper lobe to fourth space. Sputum positive. Artificia} anesthesia.' 

Discontinued December, 1937. Plombage right apex August, 193/. ^ Twenty-' 

Two-inch resection of third rib; 500 Gm. pack. General showrf 

pound gain in weight. Sputum converted to plus zero. October, . ^ (josto-. 

cavity closed, no evidence of active disease in either lung, pleura ggP Admitted 

phrenic sinus obliterated; upper ono-tliird left lung, well-organized fibroi ^e^P 
Sunmount, March, 1939. No active disease in cither lung. Sputum nega i 
traced since discharge with maximal hospital benefit. 

Case O.-M. H. C. Machinist. Age, 37 years. Onset of tubercu «« ‘tuberculosis 

Aspinwall, August, 1931, and subsequently three times. August, 0 was a ^ 

involving upper two-thirds of left lung, and apex of right lung . * pumothorai io’ 

cavity; a smaller cavity 1^/2 cm. in left apex. Sputum positive. Ar 01a ^ 
stituted on left side proved inefficient. General condition poor, emacia ancsthesin. 

not suited for thoracoplasty. Plombage January, 1938. Novocain an Cavity rigW 

Two-inch section of fourth rib; 500 Gm. pack. Roentgenogram for left "P'®*' 

lung closed. Some improvement in general condition. May, pack. Conditie" 

cavity. Novocain and Avertin anesthesia. Two inches fourth rib, jj, showed no cad' 

remained static. Transferred to Sunmount, August, 1938. in left lung- 

tation in either apex. Adhesive pleuritis small areas of wcll-organizc bfovember, 19^8) 

Sputum negative. September, 1938, began to spit up small bits of para ^ having ninximn' 
paraffin pack removed by' Dr. -Welles. Was discharged from Sunmoi 
hospital benefit, 1940. Untraced since then. ^ Adifnin' 

Case 7.—J. H. M. Salesman. Age, 44 years. Onset of A^dmitt^ to 

pneumothorax had been tried and failed in hospital, Hopemont, ■nV'third left upper lol« 
wall, January, 1937. Bilateral pulmonary tuberculosis, uppe gputum positive. I^ef 
2 cm. cavity, upper one-fourth right upper lobe IVj em. cavity. > I 
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poaltivc. Plombago, Februaiy, 1034. Sodium pentothol Novocain anesthesia. Two-inch 
•ection of fourth rib; 400 Qm. pack. Dorcloped Btaphylooocoui aureus wound infection, 
bronchopneumonia bilatornl, and bactoriemio. Paraffin pack removed. Woxmd Ilakinized. 
Death six days after operation. Autopsj’ showed no evidence of bronchopleural fistula. 
Cavity collapsed partially. 

Case 13.—IL 8. In 1920 was struck in tho right chest. Had hemoptyses for six 
months at irregular intervals and pain la right cheat on exertion. Doc. 27, 1929, developed 
severe hemoptysis controlled by right phrenic crush. Eoeatgenogrom ehowod some fibrosis 
and small areas of infiltration in the right upper lobe. In the next two years still subject 
to small hemoptyses, and pain in the chest. Dec. 21, 1033, developed very eevere bleeding 
over three days* time. Plombago, Jan. 1, 1934. Novocain anesthesia. Three-inch section 
of eighth rib In the posterior axillary line; 500 Gm. pack. This controlled the bleeding. 
Admitted to Tuberculosis League Hospital .Tannary, 1935, on account of persistent fatigue, 
niglit sweats, and dyspnea on exertion. Roentgenogram showed moderately dense mottling 



4 (Case 18).—M, S. Parnflln plombose for lower lobe lesion fourteen years previously. 
Apparently cured. 

^ the second and third spaces, paraffin pack below the level of tho third rib. Only one 
*pntum examination in Marcli, 1935, returned poaitiv© for tuberculosis. Subsequent examina¬ 
tion showed increased density In the right lung field. Repented sputum examination proved 
^legatlve. Hospital care continued at Cresson Sanatorium for one year. Discharged Septem- 
1937, Returned to his native Cicchoslovnkin to work on farm. Pressed into service in 
German Ixibor Battalion for four years. Returned to this country January, .1948, to take 
Dp fanning. Free from symptoms. Looked to bo in perfect physical condition. Eoentgeno- 
ihowed no evidence of active tuberculoais. Left lung field entirely clear. Dense fibrosis 
from the third rib to the base of the right lung. 
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Case 10.—H. 0. H. Age, 48 years. Clerk. Onset of tuberculosis, 1934. Admitted 
Aspinwnll, April, 1938. Bilateral tuberculosis, infiltration of right upper lobe with 114 cm. 
cavity; fibrosis of left apex. Sputum plus zero. Clinically an associated bronchitis. Eefmed 
thoracoplasty. Plombage, October, 1939. Novocain anesthesia. Two-inch section third rib; 
150 Gm. pack. Pleura was accidentally opened, followed by a marked collapse of the Inag 
and dyspnea. Relieved by aspiration of 1,000 c.c. air. April, 1940, roentgenogram showed 
cavity to be closed. Sputum negative. Readmitted Januar}', 1943, on account of asthma and 
dyspnea. Roentgenogram showed no erndence of active tuberculosis. Sputum negative. 
Readmitted October, 1947, on account of asthma. No evidence of an active tuhercalosb. 
Sputum negative. April, 1948, only symptoms due to asthma and chronic bronchitis. 





Flsr. 3 (Case 10).—H. O. H., aged 48 years. V actl‘« 

right apex. Clinically arrested. Sputum conversion. Fehruarj, . 

Clinically arrested. 


Case 11.—J. C. Age, 44 years. Negro. Steelworker. Sj-mptoms ^ 

prior to admission November, 1930, Aspinwall. Hemoptysis frequen . p ^ji^erspscfij 2 
Wassermann + 4. Bilateral infiltration of both upper lobes as far as ^on pg. 

cm. cavity on right side. Artificial pneumothorax induced on right. oor 
cember, 1936, phrenic crush, did not secure a rise in the diaphragm. o™ g^gj^^ggnogra'” 
Novocain Avertin anesthesia. Two-inch section third rib; 500 Gm. pac jjjpptygiB. 
June, 1937, showed collapse of cavity. Sputum negative. ^.'^^ograni showed 

charge improved. Readmitted October, 1940, because of hemoptysis. oen ja 

right upper lobe cavity closed, extensive fibrosis in both lungs, a sprea 
the left upper lobe.' Death May, 1941, from progressive tuberculosis. ^ 

, Case 12.—L. R. Salesman. Age, 34 years. Symptoms of showed 

pain, for two years. Admitted to Tuberculqsis League Hospital. ^g. on lef^ 

scattered areas infiltraUon at right apex and in the third and four cavity. 2?'^ 

soft infiltration in the second, third, and fourth spaces, and a 5 collapse- Spnl''® 

carried artificial pneumothorax for over a year with only 30 per cen 
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ItorrieOL Delivered of normal child by ce^orean section, 1942. For seven year* has taken 
care of live-room liouso and enjoyed good health with no pulmonary aymptomK. Roentgeno- 
grom April, 1948, shows no evidence of active tuberculosis. Cavity closed. Paraffin pack 
still in place. 

Cabe 17.—L. L. Ago, 22 years. Histoiy of tuberculosis two years. Frequent hemopty¬ 
sis. Roentgenogram showed bilateral tuberculosis both upper lobes. Cavity in right upper 
lobe 6 cm; left upper, 6 cm; general condition not good. Plorabage, left, May, 1943. C)*olo- 
propano Novocain anesthesia undertaken os a forlorn hope. Two indies of third rib re¬ 
moved; 350 Gm. pack. Roentgenogram ihowed partial closnrc of the cavity. Plombage, 
right, July 10, 1043. Novocain nnd cyclopropane anesthesia 500 Qm. pack. Two inches of 
fourth rib removed. Following these operation* there was no further hemoptysis. Sputum 
continued profuse and positive. Progressive involvement of both long*. Deatli in October, 
1944. Neither cavity was completely obliterated. Febrtinry, 1944, patient commenced to 
expectorate paraffin in small amounts. Shortly thereafter a bronchopleuml fistula developed 
on the right side, and through this at times small bits of paraflln were extruded. Eventually 
this fistula closed. 


* (Case JO).—C. B.. aged 28 veaxs. A, Abscess lung. Before ^ck, 1936. B, Taken 
March, 19-18. No pulmonar>' ajTnptoras after pack. 

Case 18.— V^, W. Miner. Age, 4S years. Admitted Aspinwall, August, 1938, with 
•ymptoms of pulmonary suppuration. Bronchoscopy showed no evidence of tumor. In 
November developed an empyema containing Staph. aurev3 and Streptoooccus hemolytious. 
^Mien empyema had partially cleared sovcml abscesses in the long were drained. In April, 
1939, developed severe hemoptysis which was not controlled by a phrenic crush. May 2, 1939, 
plombage of right lower lobe. Novocain anesthesia. One and one-half inches of eighth rib 
f<®oved posterior axfllnry line. Hemoptysis was not controlled. Death occurred May 13, 
1939, from large hemorrhage. Autopsy disclosed bronchiogenic carcinoma of lower lobe 
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Case 14.—M. I. C. Age, 44 years. Four-year history bilateral apical tubercolosif. 
InlUtration in both apices ^Yitl^ 2 cm. cavity right apex. Sputum positive. Artificial 
pneumothorax induced. At the end of four months collapse was poor. Plombage was at¬ 
tempted July, 1937. Avertin Novocain anesthesia. Section two inch, third rib. Line of 
pleural cleavage could not be obtained. Died of progressive tuberculosis ia February, 1938. 

Case 15.—M. S. Female, age, 30 years. Telephone operator. Tuberculosis for eleven 
years, in wliicli time artificial pneumothorax had been ineffectual, and then had frequent 
recurrent hemoptysis. Involvement was massive in right apex through the first and second 
spaces with multiple small cavities. Sputum positive. Plombage January, 1939. Anesthesia 
sodium pentothal and Novocain. Section one and one-half inches of fourth rib; 375 Gm. 
pack, securing complete collapse of upper lobe. Patient’s condition seemed satisfactory as 
she left operating room, though cyanosis was noted. Several hours later developed eitreme 
dyspnea, cyanosis, very rapid heart action, and died six hours after operation Antop.y 
not granted. It is presumed that the cardiorespiratory failure was induced by too heavy 
pressure of the pack on the great vessels. 
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Fig. 6 (Case 16).—E. O. B., aged 25 years. Paraffin plombage fifteen years pre 
pulmonary symptoms. Apparently arresteo. 

Case 16.—E. O. B. Female, age, 25 years. Clerk. History of 
years. Bilateral apical infiltration. Cavitation right apex. Positive spu u^^-^ g^,dinni 
pneumothorax induced in April, 1933. IneflScient. Plombage, Novem er, i.^sh 

pentothal Novocain anesthesia. Two-inch section fourth rib; 500 Gm. pac ■ 

November, 1935. February, 1936, 2 cm. cavity right lung closed. Tu 193S. 

arrested. Sputum negative. This patient has remained well. HaO an npp 
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Table L Po3Tor>3iATm: CoiirnoATiONB 






HHHi 










mm 







Superflclal wound in¬ 
fection 

Deep wound infection 
SepUcomia (fatal) 

Extra pleural efTufllon 
Hcraorrhnffc, extra 
nleuml spaco 
Cold abfcet* 

Fiatalaa, broncho- 
pleuml 

Flitala*, broncho- 
cutancoua 
Fatal lung tear 
Contralateral spread 
Paraffin coughed up 
Paraffin removed 
Tranriont dpopnea 
Cnnlio respiratory foil- 
ure (postoperative) 


12 


a 

19 


4 

12 

0 

12 

1 


CAuaca OP death: i*oaTor£RATivn 


MC INDOE, 
8TEELX, AND 
ALEXANDER 

nCAB 1 

unnREN8 1 

deckkb 

S^pttceuiia 



3 

1 

Wound infection 


1 



Nontubcrtuloua pneunionitj 


1 



Cardiorespiratory 

1 



1 

Lung tear 

2 




Cold abscess 

o 




Operation 

o 




Toberculous enteritis 


1 




Siaph. 5cpficcni:a, In a small scries incompletely I'eportccl by Bolimis tlioi-o 
^erc 3 deaths from septicemia. 

2. A tuberculous abscess developed about the pack in 3 caaes. 

3. Fistulas developed, bronchopleural in 19 and bronchocutancoiis in five. 
Eleven patients coughed up parafllii after a period of sevoi’al weeks to niontlw. 
The handling of these coses presents somewhat of an individual problem. It 
niay be necessary to remove the pack. Others will stop coughing up ])nmfrin 
Spontaneously. I believe the majority -will tolerate the pack for years without 
favorable reaction. ‘Whether this w^ill bo true of the newer pack mntorinls, 
bucite and flberwool, remains to bo demonstrated. 

4. Effusions of size squiring tapping occurred in 3, and a siwiblo hoinor* 
in the cavity in 2 patients. 

5. Fatal lung tear happened in 2 cases. 

6. Cardiorcspiratoiy sjTnptoms were repoi-tcd ns severe dysiincn in twelve 
by John Alexander. Circulatory' failure was rcsponsihlo for death in two 

cases. 

(■ Spread of tnberciilosis in the contmlatcnil, or same lung, nrn luml (o 
eraluate in terms of being due to the operation, aiiico they mny 1 ‘opi‘cscnL ii 
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Case 19.—H. S. Age, 41 years. Salesman. 1930, developed a right lobar paeomonia. 
Following this had persistent cough and purulent sputum in small amount with occasional 
small hemorrhage duo to bronchiectasis. Admitted to Presbyterian Hospital Feb. 26, 1942 
on account of severe almost exsanguinating hemorrhage. Phrenic crush and artificial pneumo¬ 
thorax carried out simultaneously. This failed to control bleeding. Plombage, Febraaiy 2S. 
Novocain anesthesia. Two inches of eighth rib excised in posterior axillary line; 450 Gm. 
pack, re-enforced with iodoform gauze pack. No further bleeding. Ten days later iodoform 
gauze removed and one pint turbid sterile fluid evacuated together with several loose piecy 
of paraffin. Discharged from hospital April 5 with wound healed, free from cough and 
sputum. Remained well until July, 1947, when ho had small hemorrhage and in September 
a larger one. Then had a long deferred lobectomy by Dr. Kipp at Mercy Hospital and is 
free from sjTnptoms. 

Case 20.—C. B. Female, housewife. Age, 28 years. Following dental extraction 
March, 1934, pneumonia and lung abscess developed. Persistent cough and pumleiit sputum. 
Hemoptysis began six months later and recurred at frequent intervals. X-ray examination 
May, 1935, disclosed a 2 cm. cavity near the peripherj- in the right lower lobe. Plombage, 
June, 1935. Novocain anesthesia. Two-inch section sixth rib posterior axillary line; 300 
Gm. pack. No further hemoptysis. Cavity closed and patient free from symptoms in Ecveral 
months. Has remained well. Roentgenogram March, 1948, showed pack in place. Long 
otherwise normal. 

RESULTS 

At the present time, of the 16 patients in -whicli plombage was completed, 
3 are known to be living and well and free from symptoms after a period of 
eight, thirteen, and fifteen yeare. One has married and home a child; another 
served in the German Army for four years in the last war. Ten patients are 
knoAvn to be dead. Two died in the immediate postoperative period, one o 
cardiorespiratoiw failure and the other of Staph, septicemia. The other 8 i 
as a result of progressive tuberculosis. At least 4 of these after the operation 
showed immediate and substantial clinical improvement with reduction o 
cough, sputum, gain in weight, and even sputum conversion, onlj’ to relapse 
a one- to three-year period. Three of the patients hove not been tiaccd lejo 
a three-year period after operation. 

Cavities were completely closed as far as one could judge by x-raj fiu ^ 
in 10 eases, were partially closed in four, and presumably not affecte 
2 patients who died soon after operation. 

Four cases were knoMu to have developed a bronchopleural fistula 
of parafiin spitting. Hemoptysis in 2 of the patients, perastent 
tion, was stopped, in 2 othem was not controlled. One case develope re^ ^ 
hemoptysis after operation. Sputum convemion to negative occuira 
plus minus in 3, and was not obtained in five. In 2 cases of conversion, s 
became positive after one year. 

As greatly as one would like to believe that plombage is free 
plication and vdtliout immediate mortalitj’’, it is universal expenenee ^ 

is morbidity and an occasional death directly due to the jgg pn- 

tabulated the complications as mported in four series of cases tot 
tients, including my o-vvn 16, in Table I: . 

1. It will be seen that pyogenic infection is the most frequent ^ ^ 
superficial in 3 instances and deep in six. One of tliese cases exe o 
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normal progress of the disease. In 3 cases at least the spread was thought to 
be definitely a consequence of the operation. 

Reports in the literature of the end results to the patient after paraffin 
pack arc rather meager and incomplete, and cover os a rule only short follow¬ 
up periods seldom beyond a year or two. Five reports ore tabulated in Table II. 
Also, the effect of plombagc upon cavity 010301*6 is infrequently recorded. 
Ifclndoc, Steele, and Alexander, however, annlj-zcd the fate of cavities in their 
82 eases. They concluded that the closui*c of cavities less than 2 era. in diameter 
^\^ll occur in more than 50 per cent of coses, and of cavities more than 2 cm. 
in diameter in less than 60 per cent; if almvo 4 cm. in diameter, closure of only 
33 per cent may be expected. Supraclavicular on^^ties have a two-to-onc chance 
and infraclavicular a two-to-thrcc chance of closure, verj* fibrous cavities less 
than 50 per cent, honeycombed only 50 per cent. In my o^vn series only 2 cavi¬ 
ties out of 14 were larger than 4 cm. and neither of these was closed; 5 out of 
C whore the diameter W’os 1 to 2 era. were closed; and 5 out of 7 where tlie di¬ 
ameter was 2 to 4 cm. were closed. In 2 eases only was tlie cn\'ity supraclavicu¬ 
lar, and these were both closed. 

Of the 264 cases reported in tho table, 31 per cent were regarded as ap¬ 
parently cured, 27.5 per cent in a state of an-est, 12 per cent improved, while 
17.5 per cent were unimproved or dead. About 60 per cent then are credited 
irith having benefited markedly from the plombage. Even though with tho 
passage of time, tlie i>crcentngc of good results lessens appreciably, the statis¬ 
tics seem to demonstrate tho real value of tho operation and justify the confi¬ 
dence of the surgeons who have practiced it. 

I linvc had occasion to place a paraffin pack in 3 nontuborculous patients 
where homoptyHis was alarming and might easily hove been fatal. The first 
I>atient had a small abscess, bleeding persistently, located in tlie upper outer 
portion of tho lower lol>e. The resection of the lobe seemed to be too major a 
procedure and drainage would have required two stages and injured much 
pulmonarj’' tissue, Tho second patient had severe bleeding from n lower lobe 
bronchiectasis, which was not controlled by a phrenic crush and artificial 
pneumothorax. A segmental resection was not justified on account of the pa¬ 
tient ^s condition. The third patient was known to have pulmonary suppuration, 
hut found at autopsy to have carcinoma of the lung as a primary lesion. In 
ouly this case was bleeding not controlled. 

I am not one to advocate plombagc as a means of treating pulmonary anp- 
purarion, when segmental resection or lobectomy can be performed. Occasion- 
*^lly, however, plombage can bo of service in healing a small abscess or in tiding 
over a critical situation until a more favoreblc time comes for extirpation of 
the diseased lung. 

CONOLUSION 

In evaluation of tho operation of jiaraffln plombagc in the light of com¬ 
paratively small experience reported, I believe that tliis treatment should have 
^ definite place in coDapsc tlierapy, and that it is entitled to wider use. It 
should not be in competition with any other method, particularly thoracoplastj*. 
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CUONDROSAKCOKA OF THE POSTERIOR MEDIASTINUJI WITH 
HOURGLASS INVOLVEJIENT OF THE SPINAL CANAL: 
RESECTION AND RECOVERY 

Report op a Case 


Wilson Weisel, MJD., -vnd Willard B. Rass, M.D. 
Milwaukee, Wis. 


T he unusual occurrcneo of n posterior medinstinal chondrosarcoma \nth 
liourglass involvement of the spinal cnnnl as well ns invasion of the lung, 
ribs, and thoracic vcrtcbmo has been the chief reason for reporting the fol¬ 
lowing case. 


Oase Report (No. 107001).—A. I*, vvnn a 40-yenr-old white veteran, n fanner, admitted 
to this hospital on Aup. 20, 1048, bocaoso of nombnese of the legs and Inability to walk for 
the past three weeks. Eight montlia prior to admission ho had noted for the first time a 
reenrring Intermittent ^^knife-llko” pain in tlio left side of the back “at tlie level of the 
heart.” About one month prior to entry lie had noted occasional numbness of the soles of 
the feet; three weeks Iw/ore ndraission this symptom had suddenly Increased to numbness of 
the lower portion of the body below tho wnist, associated with inability to walk liecanse of 
weakness of tho legs. lie liod lost about fifteen pounds during the three months preceding 
his admission. On tho day of admission he wixs usable (o void for the first time. 

A survej* of hU post history revealed that is 1&44, while eerving with the Army in 
Burnm, a tree fell across his back causing him to bo hospitnllied for sirty*five days. There 
were no fractures or neurologic disturbances occasioned by this injury howerer, and the exact 
natnro and extent of the Injuiy \\-as not kno\rn. The sj'slom review was otherwise noncon- 
tributory. 

Phyiieal examination roTcalod a well-developed, well-nourished man lying flat In bed 
in no apparent distress. The temperature was 08.4* F., the pulse rate S8 per minute, tho 
respirations 20 per minute, nnd the blood pressure wns 134 mm. systolic and 84 mm. diastolic 
in both arms. The head and neck wore normal. Tho eye examination revealed pupils equal 
in size and regular iu outliue; tho light and accommodation reflexes were normal os were the 
cxtraocnlar movements; tho fundi were normal. 

Examination of tho chest showed a slight bulge ^vith no distinct outline in the left mid- 
thoracic paravertebral area which wns moderately tender to deep pressure. The heart and 
longs presented no abnormal findings. 

Neurologic evaluation rG\"cnIed a marked weakness of both lower limbs. There was a 
loss of cutaneous sensation below the level of the seventh dorsal segment on tho right and 
Wow the sixth dorsal segment on the left. Tlie knee and ankle jerks were exaggerated 
hilaterally, and the Babinski reflexes were positive bilaterally. There wns absence of tho 
position sense in the toes of both feet, A study of tho spinal field by means of lumbar punc- 
tore revealed a clear fluid with n complete subarachnoid block. Tho initial pressure was 160 

of water. 

The significant findings on roentgenologic examination were tlio presence of a round 
circumscribed mass In tho posterior left chest and erosion of the left pedicles of the adjacent 
»irih and seventh thoracic rertebrae (Figs. 1 and 2), Myolographic studies ^rith Pantopaquo 
a spinal cord compression at tho level of the sixth nnd seventh vertebrae. 


FVom tho Department of Sunrery. Veterans Administration Hospital. tVood, tVls., and 
*terqoctta University gcliool of Medicine, 

with permission of the Medical Director, X>epartment of Modidne and Sureory, 
Hu^Ii^'a-^'lwilnlstTatlon, wIjo essinnes no responsibility for the opinions expressed or con- 
drawn by the authors. 

Received for publication April 7, 1»4». 
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WJieri one follows the indications closely, cavity closure and sputum conver¬ 
sion may he expected in one-half of the cases. Many cases vdll go on to arrest 
and recoveiy directly as the result of the plombage. Others are put in con¬ 
dition to survdve a secondary thoracoplastj’- and then go on to recovery, A 
sizable group Avill register general elinical improvement for a prolonged period, 
even though thej* ultimately succumb to the disease. 
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Neurosurgical exploraluon was aeeided upon as tl.e first step ia handling this patient 
Accordmgh, on Aug. /, 1948, a spinal cord decompression was performed* by means of a left 
hemilaminectomy of the sixth and seventh thoracic vertebrae and a portion of an intraspiS 
extradural tumor mass wliicli was present in this area was removed. Tliis tumor was reported 
by the pathologist to be a chondrosarcoma. 

Following the neurosurgical operation the patient e.xhiliited a marked improTment in 
general neurologic eondition, and gradually regained the ability to walk. There iras also a 
marked return of the sensory impairment previously noted. He continued unable to void, 
however, so that an indwelling catheter was utilized along with intermittent bladder irrigations 
and tidal drainage. Because of the patient's improvement and in spite of the invasive char¬ 
acter of the tumor he was transferred to the Thoracic Surgical Service on Sept. 1C, 194S for 
further surgical therapv. ’ 


Piff. 1. 


F1&. 2 . 


vertebra?' sliowln^ round clrcninscribed tumor mass in the left 

anterior oblique view, showing 

seve^h Vlb'*'^ mass in the left paravertebral area with erosion of the vertebra 


A left thoracotomy was performed under general endotracheal anesthesia on ? 
21, 1948. A posterolateral segment of the seventh rib was remov'ed subperiostea . 
about three inches from the angle of the rib. This rib appeared to be 
tumor mass as far laterally as the angle. Posterolateral segments of the eighth an “ 
ribs were then removed in a similar manner as far as the rib necks posteriorlv. 
could be seen to be infiltrating the apex of the lower lobe so that the pleural sp 
then entered through an incision in the bed of the seventh rib. 

A segmental resection of the apex of the lower lobe was then 
the involved lung and pleura attached to the mass. This procedure allowed mo 
and retraction of the lung so that the mediastinum could be visualized and approa 

The tumor was found to be a round, firm mass, about 10 cm. in diameter, appa -^ 
well contained except where it had involved the lung and seventh rib and at i 
of attachment to the vertebral structures. It was apparently eroding and growing 

*By -Dr. J. A. Slufson, the neuro.surgical consultant. 






WEI8EL AND BOSS: OHONDBOSABCOilA OB POSTERIOR IIEDIASTINUJI 647 


types of tumors nro apparent in a survey of tho literature.'’” In a group of 
cases reviewed at tho llayo Clinic, Uhrich” found that among 42 malignant 
mediastinal tumors, from wliioh were excluded lymphomatous tumors and meta¬ 
static carcinomas, there were 6 chondrosarcomas. Ileuer and Andrus" collected 
14 eases of chondromatons tumors involving the mediastinum from tho literature 
from 1926 to 1940; in addition, they reported 4 cases of this typo from their 
own series of mediastinal tumors. Two of the tumors in their report involved 
the posterior mediastinum and one rvas an hourglass type of tumor causing cord 
compression withui the spinal canal. Ilcuer’” had prei-ionsly described a case 
reported by Elsberg of a cliondrosarcomn of the posterior mediastinum involving 
the spinal cord. 

The name of hourglass tumor has been applied to those tumors occurring 
along the spinal coJamn and growing on both sides of an intervertebral foramen 
or through tho space between two vertebral laminae. The tumor has derived 
its descriptive terminology from the constricted portion of the tumor extending 
through the inten-ertebral foramen or the interlaminar space. The group of 
these lesions ui which the tumor we are reporting can be classed is that involving 
the posterior media-stinum as well ns the spinal canal. The most common 
pathologic typo of tumor occurring in this double location has been the neuro¬ 
fibroma,'' >“■“ although a laigo variety of pathologic lesions have been 
reported ns causing this typo of tumor. Among tho various histologio types 
reported have boon tho neuromas, fibromas, ganglioneuromas, lipomas, chon¬ 
dromas, fibrosarcomas, spongioblastomas, liomyomns. endotheliomas, neuroblas¬ 
tomas, and hemangioendotheliomas. 

The specific origin of the tiunor in the case heiein reported is diffipult to 
assess, but tho abundance of ligaments, fascia, periosteum, and cartilage in the 
articular surfaces of tho ribs and vertebrae in the posterior mediastinum provide 
anfiicient possible sources of development of tumors of this type. The similarity 
of the chondrosarcomas to o-stcogenic saieomns has also wised tho question ns to 
whether these tumors might not bo osteogenic in origin. The significance of the 
previous trauma elicited in the histoiy of this patient is probably doubtful, but 
it is interesting in view of the fi-equcncy with which previous trauma is com¬ 
monly revealed in the history of patients developing osteogenic sai-comas in other 
parts of the body. 

Tho histology of the cliondrosarcomn in this case was characteried by an 
atypical chondral tissue with an abundant hyaline matrix invading bone and 
bone marrow. There were numerous areas of necrosis and cystic degeneration, 
"f^e apparent paucity of myxomatous tissue has been the chief feature not eoiu- 
eiding with most of tho pathologic descriptions of those tumors appearing in 
tbe literature. 

The prognosis in this case is of course uncertain but the improvement 
Bained in the first six months postoperativoly has been encouraging. 

SUilMABT 

A case is reported of a 40-year-old white man presenting a chondrosarcoma 
the posterior mediastinum producing an hourglass type of tumor with spinal 
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the lateral foramen between the sixth and seventh vertebrae, but it also seemed adherent 
to the sixth and eighth rib heads, the remaining lamina, pedicle, and a small lateral portion 
of the body of the sixth thoracic vertebra, and the intervertebral and posterior intercostal 
structures between the sixth and eighth thoracic vertebrae. 

The tumor was removed en bloc excising the involved rib heads, vertebral lamina, pedicles, 
and portions of the vertebral body, and intervertebral and intercostal structures with the 
tumor. It was necessary to excise a portion of the dura to remove the tumor, and the pedicles 
and left lamina of the sixth and eighth vertebrae were resected to secure adequate visualization 
and removal of the tumor extending within the spinal canal. The dural fistula thus created 
was repaired by the use of Gelfoam film. The chest wall was then reconstructed in layers as 
far as possible with interrupted cotton sutures. The large pleurointercostal defect was covered 
by a sheet of Gelfoam film sutured to the edge of the remaining parietal pleura, and this was 
covered by the posterior chest wall and back muscles, and skin, and the wound was closed 
without drainage. 

The pathologic description was as follows.^ The gross specimen consisted of a roughly 
spherical mass measuring 10 cm. in its greatest diameter (Figs. .S and 4). Over the surface 
was a smooth, shiny, gray-pink capsule similar to pleura. Attached to the external surface 
of this capsule was an area of mottled, gray-black pleura and lung substance. This capsule 
covered approximately one-half of the .spherical mass. The opposite hemisphere was irregular 
in contour and in areas it was honeycombed in appearance. In areas there were pieces of 
dark red muscle protruding from the surface. Numerous tendinous hands coursed across the 
surface. Incorporated in this mass was a large portion of rib and several smaller seginents 
of bone and ribs. 

The tissue cut with marked resistance. The cut surface in portions was soft and semi 
gelatinous in consistency. In other areas it was pink and gray and translucent in appearance. 

The microscopic section showed cartilaginous tissue invading hone and bone 
There were some areas with necrotic cells while in others large oval-shaped, vesicular 
blasts within lacunae were seen. The matrix appeared that of immature cartilage an 
was an abundance of hyaline material. 

The patient’s postoperative course was satisfactory although complicated^ y a rM 
partial hydropneumothorax which required aspiration of 200 to 400 c.c. of 
six occasions. Intensive physiotherapy begun before the operation was restart on 
of operation directed at breathing exercises, weight-resistive exercises of the legs, an 
training. Tliis therapy was continued daily up to his discharge from the hospita . . 

On Oct. 5, 1948, the indwelling catlieter was removed and spontaneous no 
began that day. No significant residual urine was found on rechecking the h a er ^ 

The patient demonstrated a gradual progressive improvement in wa ^ 
respiratory motions of the left chest. On Oct. 8, 1948, the roentgenograms o 
showed complete re-aeration of the left lung with slight pleural thickening 
and no significant pneumothorax. He was discharged from the ^ abb 

complaining only of some residual soreness of the back, but as we leame 
to go deer hunting two days after he left the hospital. _ gjauunation 

The patient returned to this hospital for evaluation on Dec. 15, 1 j irell 
revealed further progress in walking; his posture was normal, and the partis' 

Roentgenograms of the chest showed the postoperative changes incident to e 
vertebral resections, but no other abnormalities were noted. found to bo 

He returned again on March 14, 1949, for further follow-up study an 
in excellent health and able to get around well. Repeat roentgenograms o 
negative other than the changes incident to surgery mentioned previously. 

DISCUSSION 

The rarity of chondrosarcomas occurring in the dumbbell 

the even more infrequent reports of these lesions causing houig ass 


•Joseph M. Lubltz, paUiologisL 



INLYING RUBBER TUBE AFTER ESOPHA.GEAL ANASTOMOSIS 


W. Ralph DEiVTON, Jr., ILD., R. W. Postlethwxit, MJD., 

H. H. Bradshaw, M.D., akd Robert W. Williaais, JLD. 
Winston-Salem, N. C. 

T his study was prompted by the dcatti of a 78-ycar-old colored man on the 
third day after resection of a carcinoma of the middle third of the esophagus. 
No tube ivith intragastric .suction had been employed; the vagotomized, intra- 
thoracic stomach apparently gradually accumulated large quantities of fluid. 
Regurgitation and aspiration of this material resulted in the patient drowning 
in gastric secretions, as found at antop.S}'. Had intragastric auction been used, a 
favorable outcome might have resulted. 

In the literature, vaiying opinions arc foimd regarding the relative values 
or dangers of an inljdng tube after esopbagocsophageal and esophagogastric 
anastomosis. Those exiicrienccd in the treatment of congenital atresia of the 
esophagus ivith or without tracheoesophageal fistula generally oppose the use of a 
tube. Haight and Toivsley' felt that the catheter increased pharyngeal secre¬ 
tions, that it tended to obstruct the esophagus at the anastomosis allowing ac¬ 
cumulation of secretion with spill into the trachea, and that healing was more 
.satisfactory if a foreign Imdy was not present irithin the esophageal lumen. 
Humphreys’ believed the tulK) stimulated sucking and increased oral secretions. 
Ladd and Swenson* did not use a tube as this “diminishes the chance of respira¬ 
tory infection and infection of the anastomosis.” Gross* omitted the tube be¬ 
cause then “The csoi)hagus can be given the best chance for healing during the 
early postoperative period.” With reference to e.sophageal resection for car¬ 
cinoma, Oarlock* stated, “The situation at the .suture line is precarious enough 
without adding the danger of pressure necinsis from a Levin tube.” Rankin 
and Hurt* left a tube down four to five days, and Griswold' for seventy-two 
hours. Nagel and Henke* kept the tube down about five daj'S “to prevent vomit¬ 
ing which would cause strain on the suture line.” Thorek* never hesitated to 
employ a tube as ho believed ‘ ‘ If the calilicr of the tube over which the anastomo¬ 
sis is made is smaller than the stoma through which it passes, pressure is avoided 
and the blood supply is not impaired. ” 

In order to study this pi-oblcm, tlio following experiment was carried out. 

METHOD 

llongrel dogB weighing S to 16 pounds were used. Thoracotomy on the left was per¬ 
formed under Nembutal anesthesia, with endotraolieal intubation. The lower third of the 
e«phagus was freed up, care being taken to preserve the vagus nerves and as much of 
the blood supply as possible. The esophagus was divided transversely. An anastomosis 
was carried out using two layers of interrupted 00000 silk sutares, one layer in the mucosa 
sad snbmneosa, and the second layer in the muacuiar coats. The esophagus was handled 
csrefnlly and the sutnrefl placed moticulonsly. Befere the chest was closed, an assistant 
Psssed a rubber tube down the esophagus into the atomaoh- After the operation was com- 
ploted, the tube was wired to the lower molars on one side and the excess tube cut off. 
Most of the tubes wore regurgitated and chewed off, so that the duration given in the 
■vsnlts for the time the tube was in place indicates the time of the last examination when 
Ihc tube was known to bo intact. The exceptions were the three tubes removed at ninety- 
set hours. 

Cones^*"" the Department of Surserr. Bowman Gray School of Medicine of Wake Forest 
Received for pubIleaUon April !I. 19t8. 
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cord compression causing lower extremity paralysis. There was also invasion 
of the pleura, lung, ribs, and adjacent thoracic vertebrae. 

The tumor was removed through a posterolateral thoracotomy following 
an initial laminectomy and spinal cord dccompre.ssion, -with immediate recover 
and clinical improvement. 

ADDENDUM 

The patient was examiJied thoroughly on Dec. 1C, IfHf). He showed a remarkable 
clinical improvement and there was no evidence clinically or radiologically of a recnrrenee 
of the tumor. 
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The does -vrero allowed water for the first two days, or until the tube was oat. Soft 
food, inclnding ft protein hydrolysate, was then given until the seventh or eighth day when 
they received the regnlnr kennel rations. 

With the variations as indicated in Talilo J, the esophagus was removed in sti or 
ninety days for gross and microscopic study. 


RESUl.TS 

The results arc rocortled in Table I. Three dogs had large tul>es (1 cm. external 
dltmetor), and nil died on the second day after operation. Each had marked swallowing 
effort and profuse salivation In the same manner ns the animals of Dragstcdt and Ifullenliio 
which wore subjected to acute esophageal obstruction, and died of aspiration pneumonia 
in one to four days. 

The tube used in the other animals was a Xo. 14 French Levin tube. From the 
table, it is readily apparent that no interference with healing ocenrred as a result of the 
tube in so far as could be determined by gross and microscopic study. 

DISCUSSION 

In infants wlio iinvc Jind an csophaRCnl annstomasis, tlie objeotions to the use 
of a tube would seem valid, l>ccaiLsc of the possiI)ility of increasing tlic chances 
of excessive oral secretions and consequent aspiration pneumonia. In the adult, 
however, this aliould he less prone to occur as the patient should he able to expec¬ 
torate or swallow such secretion. Resections for carcinoma of the esophagus 
usually involve interruption of the vagus neiwcs, and the vagotomixed stomach 
may be expected to retain considerable fluid. If the iulpng rubber tube does not 
interfere ■with healing of the anastomosis, intragastric suction should be a valu¬ 
able supplement in the ])Ostoperative care of these patients. 

Admittedly, the solution of problems related to tlie esophagus of man may 
not be answered without reservation on the basis of experiments in dogs, since 
the esophagus docs differ in dog and in man. 


CONCLUSION- 

Under the conditions of this experiment, an inlying mbher tuIie, No. 14 
fh-ench in sire, does not interfere inth the healing of an esophageal anastomosis 
in dogs. 
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12. Experimental Attempt* at the Sorglcal EoUef of Aortic Stenosla 
Chnrlea P. Bailer, Ro1>ort P. Qlovor, Thomee J. E. O'Neni (by 
in^'^^at^on), and Hector P. Redondo Ramirez (by InWtatlon) 

13. The Experimental Creation and Olosnxe of Auricular Septal Defects 
Honrj’ Swnn, George IfareRlt (by in\itntion), i[ar\-in E. Johnaon, 
and George ‘Warner 

14. A Physiological Evaluation of Vagus Section for Bronchial Asthma 
Karl P, Klasfien, Douglas 7t. Jforton (by In^dtatlon), and George 
31. Curtis 

15. Therapeutic Status of Pulmonary Autonomic Nerve Surgery 
Osier A. Ablmtt, William A. Hopkins (by invitation), and Paul 
ir. GuilfoU 

10. The Surgical Treatment of Intractable Asthma 

Brian Blades, Edward J. Beattie, Jr., and William 8. Elias (by 
invitation) 

Jfonday Afternoon, .I/»ri7 JT, 1950 
I’.u. ExECUTirE Session 
p.vt. SciKxnno Sebsion 

Address of the President—Edward .7. O’Brien 

17, The Experimental Use of Homogenous Tracheal Transplants 
Truxton D. Jackson (by invitation), Edward J. O'Brien, William 
Tuttle, and John Meyer (by invitation) 

18. Eesectlon of the Trachea and Bronchi—An Experimental Study 
3tax G. Carter (}>y Invitation) and John W. Strieder 

10. Further Experiences With Dermal Grafts for Healed Tubercnlons 
Stenosis of the Bronchi and Trachea 
Paul W. Gobauer 

Tuesday Morninfi, April 18, 1960 
0:00 AM. BciENTIriC SBfWiON 

20. Congenital Atresia of the Esophagus With or Without Trocheo-eso- 
phageal Fistula 

WIlHs J. PottB 

21. Beconstmctlon of Esophagus 

Rom Robertson and a T. R. Harjennt (by invitation) 

22. Use of the Bums' Valve as a Simple Bespirator for Intrathoradc Sur¬ 
gery in the Dog 

Joseph T. Dameron and David G. Greene (by Invitation) 

23. The Development of and Certain Clinical Applications for a Portable 
Mass Spectrometer 

Fletcher A. Miller, A. O. C. Nlor, Allan Hemingway, Ralph T. 
Knight, E. B. Brown (by invitation), and Richard L. Varco 

24. The Surgical Treatment of Giant Emphyseniatons Blebs and Pulmonary 
Tension Cysts 

Da^id J. Dugan and Paul C. Samson 

2C. Experimental Tu'berculosls. Effects of Ligation of Pulmonary Arteries 
on TuberculoslB In Monkeys 

H. William Scotty Jr. (l>y invitation), a RolUns Hanlon, and Byron 
J. Olson (liy invitation) 

Tuesday Afternoon^ April 18, 1950 
-•00 SoiEWTino ScflSION 

26. Pulmonary Function Before and After Extrapleural Pneumothorax 
Edward A. Gneiisler (by invitation), and John W. Strieder 
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Thirtieth Annual IMeeting 
April 15, 16, 17, and IS, 1950, Hotel Cosmopolitan 
Den\'er, Colo. 

Program 

S/iturilay Morning, April IB, J9B0 

9:00 a.m. Businkss Mecting 
9:30 A.>r. Scientikic Session 

1. Intrathoraclc Neurogenic Tumors 

J. T. Godwin (by invitalion), AV. L. AValson, .T. Pool, and W. Cahan 

(1)}' invitation) 

2. Tumors of the Thymus 

W. D. Seybold, .Tolin R. AIcDonald, 0. T. Clagett, and C. A. Uoofl 
(bv invitation) 

3. Treatment of Carcinoma of the Lung Associated With a 

Tumors Primary in Other Sites; Report of Eight Cases . ^ 

William G. Caban (by invitation), Frank S. Butler (by inn a on), 

William L. Wataon, and .Tobn L. Pool 

4. The Surgical Management of Carcinoma of the Lung 

E. D. Churchill, R. H. Sweet, L. Soutter, and J. G. Scannell 
o. A Study of Pulmonary Hemodynamics During Pneumo^ my 

Harvey J. Aicndelsohn (by invitation), Henry A. Zimmenna , 
Arthur Adelman 

Saturday Afternoon, April IB, 19B0 

2:00 r.M. SciENTinc Session Total Pneninoiiec- 

0. Conservative Management of Empyema Pollowlng 

tomy 

Edward AL Kent Hi A Patient 

7. The Utilization of Streptoklnase-Streptodor^ -Pncinneumonectoiny 

With Hemopneumothorax and (2) a Patient With 
Sanguineous Coagulum , -d t>„ rr- 

C. Thomas Bead (by invitation), and ^ , study 

8 . Pulmonary Paraffinoma (Idpold Pneumonia),^ 

Thomas H. Burford and Ralph Berg CU Eeport of 

9. Surgery in Pulmonary Coccidioidomycosis— Pre 

Twenty-five Cases . \ 

Bert H. Cotton nnd J. W. Birsner (by Cardlopulm°- 

10. Pectus Excavatum—Management of a Case ^ ,, ^phlc Studies 

nary Disability With Pre- and Postoperative An^ j, 

Ralph A. Dorner, Philip G. Keil (by invitation), 

Schissel (by in\-itation) 

7:00 p.ii. Cocktail Party — Hotel Cosmopolitan 
8:00 P.M. Banquet — Hotel Cosmopoutan 
Dancing 

Monday Morning, April 17, 19S0 

Scientific Session Response of the Normal'y 

11. Studies With Arteriovenous Fistulas, n the Fistula 

Innervated and Denervated Heart to Occl on - citation), and 

H. B. Shumacker,, Jr., L. W. Freeman (by m 
Radigan (by invitation) 


9:00 A,!!. 
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PUWIONABV RESECTION FOR JIETASTATIC JIAEICfNANT LESIONS 
IIawlev H. Skiler, ILD.,* 0. Tiieron Clagett, Jr.D.,t and 
.Toun R. JIcDonald, JI.D.J 
Rochester, JIinn. 

I T IS not .surprising tlmt svitli the incren.scd incidence, in recent years, of 
pulmonarj’ resection for bronchiogenic carcinoma, attention should sooner 
or later be directed toward sargical excision of metastatic lesions. Recently 
Alexander and Haight' and Efiler and Hlnde.s’ have reported series of pnl- 
monary resections for solitary metastatic lesions and included reviews of the 
literatnre. Prior to these reviews, only a few isolated case reitorts had ap¬ 
peared in the literature. Aliout two years ago, a study of this subject was 
started at the Mayo Clinic.* This study included a review of the literature 
dealing ^vith pulmonaiy metastatic phenomena and with resection for pul- 
monarj" metastatic lesions, together with a review of 10 cases in which re¬ 
section had been pei'foi’mcd at the clinic since 1941. The object of this stud.v 
was to reriew the results obtained in all reported cn.scs. including our omi, 
ni an effort to evaluate the worth of this i>rocednre and to determine its place 
m modern thoracic surgerj-. Data on a total of 62 cases were assembled, in¬ 
cluding the 10 Mayo Clinic cases. 

reatew of the literature 

It is indeed surprising iiow far back attempts at surgical ramoval of pul- 
monarj' tissue for .secondaiy malignant lesions can l>e traced. In 1898, there ai>- 
Peared ui the German literature, an extremely interesting paper by Qemlnnos,' 
nt which he reported ramoring a poriion of lung of a IS-year-old Iwy for a 
*maU round-cell sarcoma whicli had invaded frani the chest avoU. The patient 
died, riendanos further reviCAA-ed the data on 38 picviously reported cases of 
chest AA -all tumors which had been subjected to sui-gical attack, and in 5 instances 

"*■ Twentr-nlnUi Annual Mcetlne of Tlio Ainorlmn Awioclntlon for Tlioracic 
New Oriean.. La, Unreh 29 - 31 . 1919 . 

of llitwlr aubniitted by Dp, Seller to the FHCulty of the araduotc School of the 
Setem^jJ hnrtliil fulnilment of the requirements for the dreree of Alerter of 

In Surcory, Atnyo Foundation, 
inivlalon of 8unor>-. 

tniA-Irlon of SuntlHil Pntholorj-. Mayo Clinic. 
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27. Summary of Pulmonary Tuljerculomas, Pathogenesis, Diagnosis and 
Management 

Gordon .T. Culver (by invitation), Joseph P. Concnnnon (by in¬ 
vitation), and Joseph E. Macnianus 

28. One-Stage Thoracoplasty for Pulmonary Tuberculosis 

R. C. Laird and C. E. Lindenfiold (by invitation) 

29. Further Experiences With Segmental Resection in Pulmonary Tuber¬ 
culosis 

J. Maxwell Chamberlain and Robert Klopstock (by invitation) 

30. Resection In the Treatment of Pulmonary Tuberculosis 

William AL Tuttle, E. J. O’Brien, ,T. Claude Day, Foster Hampton, 
Jr. (by invitation), and Truxton L. Jackson, M.D. 

31. Pulmonary Resection In Pulmonary Tuberculosis 

A. Himmelstcin, Frank B. Berry, and C. T. Read (by invitation) 

Papers to Be Read by Title 

1. Temporary Extrafascial Lucite Plombage and Thoracoplasty 

Elliott iMichelson, George W. Wright, and Bernard J. Ryan (by 
invitation) 

2. Studies in Esophageal Replacement—Influence of Staging of ligation 
of Mesenteric Vessels Upon Collateral Blood Supply of Intestinal Seg¬ 
ments Freed for Transplantation 

H. B. Shumneker, Jr., and J. S. Battorsb}' (by invitation) 

3. Further Experiences With the Surgical Treatment of Mitral Stenosis 
by Commissurotomy 

Thomas J. E. O’Neill (by invitation), Robert P. Glover, CharlesF. 
Bailey, and Hector P. Redondo Ramirez (by invitation) 

4. Bronchography as an Aid in Surgical Planning in the Trea en 
Pulmonary Tuberculosis 

Joseph Gordon 
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patient ivns sulisequently reported ns licinp nlive mid well tivelve ycnrs after 
the pulmonnr}" operntion.” 

Experience inth this ense nnd rrith suh.scrpient ones led Churchill’’ to 
comment, in 1940, ns follows: “The slntus of pulnionnry resection for known 
metnstntic tumors of the lung is ndmittedly one of experimentation. In gen- 
eml, it mny he tnken under consiclerntion when n solitnrj’ metnstnsis of n tumor 
of relatively low-grndc mnlignnney nppcnis in the lung after complete eradica¬ 
tion of the primary growth. It is niso to he oonsidered in cnscs of hyper¬ 
nephroma with n Rolitnrj" pulmonniy metnsin.sis.” 

In discussing nil pulmonnrj- resectioiis for malignant disense done by 
him in the ten-year period prior to 1940, Churchill mentioned 5 more resec¬ 
tions for metnstntic tumoi's in nddition to the ense previously reported uith 
Barney. 

Following these early cnscs, each sueces-sive yenr has seen the appearance 
m the literature of additionnl reports of pulmonary resection for metnstntic 
malignant tumors. In 1941, Colton” mentioned n ense of pneumonectomy per¬ 
formed for adenocarcinoma metnstntic from the ceenm, nnd Raine” reporteel 
a ease of pneumonectomy for metnstntic enreinomn originating in the sigmoid. 
In 1942, Freedlander and Greenfield’” reported 2 enses, and the following yenr 
saw reports of 1 case each hy King nnd Cnstleman” nnd by Brezinn nnd 
Lindskog.” The primarj- sites of these 4 tumors w'ere ovary, thyroid, stomach, 
and uterus. Deming and Eindskog’* de.scrihed, in 1944, a case of pneumonee- 
lomy for carchioma metnstntic from the bladder and nrethrn, nnd in the same 
year Blalock’” mentioned hnrdng done n pneumonectomy for n metastatic 
lesion from a primniy enreinomn of the rectum. In 1945, Tinney nnd 
il^ounld” referred to a case of pneumonectomy performed at the JInyo 
Clinic for metastatic hypernephroma. This ense is included nmong the report 
of 10 cases to be pre.sented later in this pa|)er. 

The late Tudor Edwards,” in nil article nppenidng just before Ids death 
m which he summarized his exticnence over the years with bronchiogenic 
enremomn, made reference to the problem of pulmonary resection in secondary 
artlignnnt disease. He had performed resection in 4 such cases, and 1 of the 
patients was alive eighteen years Inter. This is apparently Gie longest 
recorded sundval follouing resection of a pulmonary metnstntic lesion. Sub¬ 
total lobectomy was iierformcd in this ense, nnd the primary tumor ivns a sar¬ 
coma of the fibula. Unfoi-tiumtely, no further details of the case were given, 
llande-ville” reviewed this subject and added 4 cases of his own, nnd Aub and 
llnllorj' added another case of lobectomy for metastatic hyiiemephromn 
(Cabot case 33,012).” Ovorholt and Lnnger,” in their paper dealing with the 
Icchnique of pulmonary segmental resection, referred to 1 case of resection 
Perfonned for metastatic myxosarcoma. Maier and Tayloi-” described a case 
of metastatic chorionepithelioma treated by lobectomy, and RienhofP,” in dis- 
cn.ssdng the present status of the surgical treatment of carcinoma of the lung, 
made reference to 4 cases of pulmonniy e.xtirpation for metnstntic malignant 
^ase. Tivo of these were personni cases and 2 cases ivere quoted from 

Blalock. 
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portions of lung were also removed for secondary malignant lesions. In 4 of 
these 5 cases the patients survived operation; 3 were reported ns cured and 1 
died of recurrence of sarcoma. The earliest of these 5 case reports was publLslied 
in 1855 and the .surgeon was a Frenchman hy the name of Sedillot.= Of course, 
these early eases all rejiresented direct .sjiread of cancer from the chest vail 
rather than discrete metastatic growths. 

In 1923, Meyer" re])orted the ease of a left pneumonectomy performed on 
a boy, aged 5 yeai-s, the patient dying ten horn's postoperatively. Micro¬ 
scopically, the lung .showed lymphosarcoma and bronchiectasis. lYhether or 
not this lesion Avas primary or secondary in the lung avc do not know inasmuch 
as only partial neerop.sy Avas iierformed. 

Perha])s the first proA*ed and complete case history of pulmonai'j' resec¬ 
tion for a metastatic malignant lesion Avas that of Dms^ reported in 1927. The 
patient Avas a 42-year-old Avoman Avho had undergone ten opei'atioiis ia the 
preA’ious thirtj'-fiA'e yeai's for the removal of a recurring, sloAvly growing 
sarcoma of the left breast. A solitary tumor developed in the lower lobe of 
the right lung, and this Avas I'emoA'ed surgically and .sIioayii to he identical 
microscopically to the sarcoma of the breast. It is intere.sting to note that the 
author belicA'ed, before operation, that this lesion avus metastatic, and bnsec 
his decision to 0])eratc on the fact that the ])rimary tumor was apparently a 
sloAvdy groAving one; the metastatic lesion appeared to be small, Avell de n , 
and solitary, and the patient Avas in execllent general health. At the time o 
the report, the patient had been avcU for six months Avith no eAudenceo lecnf 
rence. ^ 

Torek" reported an intere.sting ease in 1930. His patient Avas a 
AVoman from Avhom he removed a metastatic adeno-acanthoma of t e iing 
years after hystei'ectomy for the primary tumor. The coriect 
made only .subsequent to operation by the pathologist. jje 

menting upon this ease, Torek stated that having had such an j„ 

Avould not be too dogmatic in refusing to remoA^e such a metasta ic 
the future. The patient Avas relicA'ed of symptoms and Avas A\e a 

of the report. ^ nerformed 

In 1933, LilienthaP rejiorted the case of a pneumonectomj 
for a tumor of the left lung in a tuberculous patient, av nc 
metastatic from sarcoma of the uterus. The patient died on c 
operative day and the primary lesion Avas discovered at jjj 1937. 

Ropke'" reported 2 cases of lobectomy for metastatic Preast and 

The primary cancel's in these 2 instances Avere carcinoma o months 

carcinoma of the OAmry, respectiA’^ely. The first patient c lec se^^^ 
later Avith cerebral metastasis Avhile the second was alive anc 
one-half years later. ^ Churclulb" 

In 1939, appeared the outstanding report of /"Ijj^gjjj.cinoinn 

Their patient had been subjected to nephrectomy foi !’*'^^^33 jq 
A pril, 1932, and pulmonary resection Avas performed in - n ^ggjj’j.oeiitgc'®' 
a metastatic tumor. Actually, the metastatic lesion tinnor- This 

graphically some time before discoA’ei-y and removal 0 e 1 
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Till? pnticnt is of interest Ijccnuse she sun-ivecl nlinosl seven yenrs niter 
pulnionnry reseetion nnd beenuse the mcfnstntic lesion wns dingnosed broncho- 
scopicnlly. 



Flff. 2 (Cai«e 1).—n, PrlniQO' hrpcmcphromn of the kljney. eljowlnc elmracterijtlc 
JjDUpInp of neop'««tIc Cfllj (hematoiylln oni contn X25). b, Melfl^^tlc hypernephroma of 
^ left junif with n pattern almllnr to that of the prlmarj’ tumor. Tlie aectlon ihowB tumor 
tj»ue within a major bronchuf (hemator>iln ond ooain X25). 


Case 2.—A 38-ynir-old liou^etrlfe tv'oa seen in Morcli, 1943, ^rith two major patliolopic 
fiodinps; one, an obstructing, nnnulor enreinoma of the rectum, nnd tho other, roentgeno- 
?^phlc evidence of a maw In tho lower, portion of (lie right hilar region. Biopej* of both 
leslonn sliowed them to be identical grndo 1 adenocnrcinoniaa. A preliminarj' colOBtoroy 
done, and during the interval before proceeding with resection of the l>owcl, a right 
Pnenraoneetomj' waa performed. Thia waa followed in aevernl montlia by anterior resection 
the pelvic colon tvith end-to-end annatoinoBia. The patient remained well for about one 
one-half yearn at which time she returned with obatnicUon of the bowel and abdominal 
^rcinoiuatoalB. She died two months Inter. 


Case 3.—a 40-)T?or'Old white barber wiie fecn In August, 19-13, with a spherical mass 
^ the njhex of tlio left lung. ITe had complainetl of hemoptysis for fourteen months. Vague 
"^omiiinl symptoritf in the form of d}-BpepsIn and loow stools were occasionally noted also. 
Pneumonertomy \nw p«‘rforni(Ml, and the siieclraen hlstologicnJly provCfl to I>e an anaplastic, 
4 rajcIiioaiK showing fe^'lile attempts 'at gland formation. Ou tlie twenty-first post- 
operative day, abdominal pulu nnd rigidity developed, and evidence of a i>erforated viscus 
““‘1 peritoiiltb soon became evident. (Jeuoral toxicity and sliock rapidly deve]ope<l and in 
orty-el(F]it iioura the patient was dead. PoHt-mortem examination revealed n tumor of the 
MiJnum which had perforated with resulting peritonitis and death. Microscopically, tho 
'^® 0 f closely resembled the lesion in the lung and was thought to be tho primary tumor 
^ (hli case, with the pulmonary’ lesion being a metastatic ono. 
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In Aufiusl. 1947, jippearcfl Alexander and Haipht’.s' ai'ticle in which 24 
cases Avere reported. Six of these were personal cases while data on the re- 
maini]){^ 18 wei-e a.sseinbled from the litei-atnre and by direct inquiry from other 
thoracic snrfreons. Some of the.se eases have already been mentioned but 
others not pi'eviously refen-ed to include 6 cases by Sweet,=* and 1 each by 
Dolley,-® Carr,™ and Samson.''^ Foui‘ Mayo Clinic cases wei'e also included 
by^ these authors. 

Recently, Efflei' and Blade.s- wrote on this subject and reported 3 cases. 
They also discussed some of the cases Avhich had been reported in the litera- 
tui’e and described 1 by Flick^' which had not been previously reported. 

REI>ORT OF CASES 

Case 1.—A 39-yenr-okl housewife came to the clinic cohiplaining of hemntnria of nine 
months’ duration. A pyelogrnm on iidniission disclosed a right renal tumor for whieli 
nephrectomy was performed in July, 1938. The pathologic examination proved this tumor to 
be a grade 1 hypernephroma with involvement of the renal vein by a thrombus of tumor 
tissue. A cour.se of roentgen therapy was given postoperatively, and the patient remained well 
for several year.*!. In .Tuly, 3940, the patient complained of pulmonary symptoms, nnmely, 
cough, chest pain, hemoptysis, and dyspnea, and a roentgenogram of the chest revealed an m- 
filtrating lesion involving the left hilus and upper lobe (Fig. 1). Bronchoscopy revealeil a 



Flj?. 1 (Case 1), —Infiltration of tlie left lillus and left upper lobe by metastatic b>pe 

1 g OlJj* 

tumor projecting into the left main bronchus, which on biopsy was " therapy"^' 

matory tissue. However, metastatic hypeniephroinn was suspected and roe ami 

given. In April, 1941, bronchoscopic biop.sy was positive for metastatic IP 
a left pneumonectomy was performed in August, 1941. ^ coniplaiu^' 

, The patient remained well for a number of years. In February, ^ patholosi' 

cough and occasional hemoptysis, and a roentgenogram of the cliest 1043, 

process in the right lower pulmonary- field. Sy-mptoms progre.^ed an j,]etnstatic hyF'^' 
patient coughed. up a piece of tissue which proved liistologienby ° ’ 
nephroma (Fig. 2). She finally died in May, 1948. 
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This cnsc Is n good example of 'whnt ‘Willis” refciTed to as a “latent 
primary neoplasm’’ in which the first iiulieation of cancer is manifest by the 
apponrancc of a “])recoeinus mctastasm.’’ 

Case 4.—A Eo'yenr-old pliyslolQii >vnj» wen in May, 1P44, fourteen montlifl subacquent 
to left ordildeetoniy for terotonirv. There were no pulraonnrj* «}'niptonui, hot n roentppnogmm 
of the cliest revenletl a lobulsteil ehndo^v In the loiver riplit pulnionnry fleld. The l»Ion fniletl 
to respond to irmdlntion therapy, nnd conwqnently ti ripht lower Joliectomy u-ns perfornieil. 
.\£ ^unpeetwl, the oxtIrpnte<l portion of lunpr eonfnlnod iiietnutfitle teratoma. Thin pntient nur- 
rived tiventy-one months fotlowin" pulmonary rewetion nnd dfeil ne the reenlt of further 
intrapalnionary nietnetQj'ie. 

Case 5.—In Aupuet, 1941, a 4(hj‘onr-old man \rne eubjeetotl to posterior resection of 
the rectum followin^r preliniinaiy loop colostomy for (frndo 2, uleerntinpr ndenoearclnormu The 
patient mrovinetl well for four jtHiTS. At the time of the periodic re*exniuimition in October, 
1945, a solitary notlnle in tlic riplit upper IoIjo whs seen on the roentgenoj^ram (Fip, 3), There 
were no symptoms. Itipht upper loliectomy wns performe<l iti Novemlior, 104C, and the eiclsetl 
lesion presented a Jiistologlc pattern identical to tlint of the previously removed rectal car¬ 
cinoma (Pip. 4). Unfortunately, oereliml metastatic lesions de\-elopo<l eight months later, 
and the patient died nlwut a year after loliectomy. 

Case 0. —A 34-ycnr-old mnn nndrrwent amputation of the riglit leg in Jannnry, 1942, for 
a recurrent, grade 1 chondrosarcoma with nreos of osti*ogeuit* sarcoma of the os calcis. The 
tumor had been locally excised on four previous occasions. After amputation he rcmnineil 

for about four years, and then returned to the clinic complaining of productive cough, 
dyspnea, and a recent acute respiratory infection. A roentgenogram rerrnled a mass in tho 
right upper pulmonary field thnt contained areas of colclflcntion, Polmonary resection was ad- 
rised and a right upper loltcctomy performe<l. It Impoislblo to remove all of the tuinor at 
the time of operation, however, owing to mediastinal nnd chest xnill involvement, so thnt the pro- 
wdoTO must be cloasoil as a frankly palliative one. Pathologic examination showed this 
tumor to 1« an osteogenic sarcoma also. The patient survive<l only i«evcnil months after opera¬ 
tion. 


. Case 7,—A 25-yoar-old housewife wss first seen at the clbdc in 1924, at which timo 
rieetrosurgical excision of on adcnocarclnomn, mixed tuinor type, of tlie alveolar process n-ns 
done. Tlio tumor recurred locally in 1927, and irns again removetl by destroying tho entire 
wto with diathermy. Postoperative radium therapy 'vas use<l earli time, 

Tho paticBt reuiainod well for many years and returneil in April, 1946, nt whicli time a 
*eU-circumscril>cd, nodular tumor was found in tho right niidpulraonary field (Fig. 5). Pneu¬ 
monectomy was performetl and tho extirpnteil lesion n-ns demonstrated to be a metastatic 
adenocarcinoma, mixed tumor type (Fig. 6). Home montlu* later the patient returned witli 
farther peripheral metastatic growths in the right breast, the scalp, and the left groin, Tlicse 
proved by biopay. flhe die<l one year after pulmonary resection owing tn farther lueta 
spread, principally infrn-nfjdominnl. 


Case R,—a 28-yenr-old fanner \ra8 seen at the clinic In Octolier, 1946, with a pulmonary 
Jttmor obstructing the bronchi of the right middle and lower lobes and producing partial atelec- 
Histoiy disclose<I orchidectomy three years before for a grade 4 malignant tumor. Bi- 
®P»y of the lesion in the lung shou-cd it to lie n grade 4 squamous coll epitlieliomn. A xightpneu- 
®0D«tomy was performed Avlth uneventful recovory. Histologic comparison of the tivo tumors 
owed them to be similar, both lesions proring to Im grade 4 mixed squamoos-cell epithelioma 
adenocarcinoma, A two months’ follow-up Indicateil recurrence of the pulmonary lesion, 
'“d the patient lived only four months after rcs«tIon. 

9*—A 20-year-oId girl presented two lesions; a recurrent fibrosarcoma of the lower 
of the right leg, and a well-eircurascrlbcil roentgenographlc shadow in the right lower 
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7 (Ca*fl 9).—■\\>ll-clrcuniitcrrbe<]. metnstatic rtbronarronm i^arlphcmllv situated In Uio 
rlcljt lower pulnionao' fl'-liL 



■re —“• Prlman' ffrade 1 nbrosarconwi of the rijcht lep: splndle^ilmpetl cells 

the Innr- lu (hematoxylin ’and eo«ln X88).- *»• Metus utic trade 1 flbroaarcomn of 

I, me pattern of Interlacinp bundle* Is almllnr to that In n (licnuitnxylin nnd (*oi«ln xSo). 
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formed, and the tumor of the lep \nia apain widely exclaod. Pathologic examination of the 
two lesiona abowed tliem to bo identical in every reapoct (Fig. 8). The patient haa been heard 
from a number of timea and has rcraaine<l well. 

Cabe 10.—A 61*j-eur*old housewife was seen in January, ll»47, wliea n well-clrrumscribetl 
tumor was visible roentgonographlcsally in the base of the riglit lung (Fig. 9). She had had 
two previous operations for cancer, the first being enucleation of the right eye In 1936, be¬ 
cause of melano-eplthelioma, and the second Itcing right oopliorectomy aud hj-stcrcctoray in 
1943, for adenocarcinoma of tlie oniry. Pronchosooptc biopsy of the pulmonary tumor showed 
it to be adenocarcinoma, and a right lou'er lol>ectoniy was perfomii*<l. Histologic comparison 
of the removed pulmonary tumor and the orighittl mirinonia of the ovary sliowe<l them both 
to be grade 4, papillary ndenorarcinoma (Fig. 10). Tills iiatimit 1ms remained well with no 
evidence of recurrence. 


AN.VLYBl.'i OF DATA ON MAYO CUMC CASES 

Type of Primary Tumor ,—Of tlie 10 case.s reportwl herein, 5 represented 
carcinomas, 3 mixed tumors, and 2 .sarcomas. The mixed tumors were pre¬ 
dominantly carcinomntou.s, liowevcr, and have been included as such in Tabic I. 


Table L Ttpe op Primary Tcmor (iLwo Clinic C.vflE«) >xm Wincit Pitmonarv Rescction 
or THE ilfTTARTATIC LRBION* WaA CAnRIRJ) Ot’T 


TTPE OP PniMARY Tl^IIOR 

Ci'^ES 

CBrcinoma 

8 

Mixed tumor 

8 

(adenocarcinoma of juw, mixed tumor 


typo, 1; mlxcsl squamous-roU epltlielioma 1 


and adenocarcinoma of testis, 1; torotomn 


of testis, 1) 


Adenocarcinoma of rectum 


Adenocarcinoma of jejunum 

1 

Adenocarcinoma of ovary 

1 

irypemepbromn 

1 1 

• Sarcoma 


Osteogenic sarcoma of os calcis 

1 

Fibrosarcoma of leg 

1 


Symptoms. —A review of the symptonis elicited from the various patients 
nt the time of discoverj’’ of the pulnionnry lesion is of relatively little value ns 
fln aid to diognasls- Three iintients Averc n.syniptomatie. Cough and dyspnea 
were the tAvo mast common syniiptoniR, each being com])lnined of hy 4 patients. 
3 patients hemoptj'sis had been experienced, and 3 patients complained 

Tabie 1L SnrnvAi. Period Folloahno Pmoio.vAnv Reseotiok pub a ilETASTATic hlAuaNAXT 



Lesion (Mayo Ci.inic Casks) 



buRatval 

PRESENT STATUS OP 

CASE 

(MONTHS) 

PATIENT 

1 • • 

81 

Dead 

2 

24 

Dead 

. . 3 ■ 

23 daA'B 

Dead 

4 

21 

Dead 

5 

12 

l>earl . . 

6 

3 

Dead 

7 

12 

Dead 

8 

4 

Dead 

0 

28 

Allvo nnd utII 

__' 10 

24 

Alive nnd well 
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pulmonary field (Pig. 7). The tumor of the leg had been removed in 1935, and again in 1939 
The patient steadfastly refused amputation. In October, 1946, right lower lobectomy was per- 



Flff. 9 (Case 10).—Metastatic tumor In the right lower pulmonary field. 
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Table III. Pulmonaky Resection for Meta . . Maliona.vt Lesions: Data on Si.yty Two Rebouted (,'ases Including 

Ten Mayo Clinic Cases 
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of pain in the chest. In 3 other patients the only finding was a positive re¬ 
sult on roentgenologic e-Naniination of the chest. Tivo patients complained 
of a recent acute respirntorj- infection and 2 of wheezing. 

Time Infcrval Between Bemoval of the Primary Tumor and the Appearance 
of the Metastatic Pulmonary Lesion .-—This interval of time varied from eleven 
montlis to twenty-two .rears. In 2 eases, the metastatic growth was removed 
first. In 3 instances there were multiple c.vci.siona of the primarj’ tumor he- 
fore the appearance of the metastatic lesion. 

Bronchiat /nroluewicnf.—Gross bronchial involvement was demonstrated 
in 7, or 70 per cent, of the 10 ca.ses. In 4 of the 10 cases, positive tissue 
ci-idence of malignancy was obtained b.v means of bronchoscopic liiopsy. 

Survival Periods .—Of the 10 patient.s, 8 arc now dead and 2 arc living 
and ivell witli no evidence of rccurrcnec. The longest sunival following pul- 
monarj- resection for a metastatic lesion in this group was six years and nine 
months (Table II). 

ANALYSIS OF DATA O.V ALL .SLXTY-TIVO REPORTED C.VSES 

Tliis group includes the 52 cases reported ui tlie litcratui-e pliLs the 10 Ma.vo 
Clinic cases reported herein. The pertinent data relntive to these 62 cases bare 
lieen arranged in tabular form and are listed by vear of publication and author 
(Table HI). 

Type of Primary Tumor .—In 57 instances the t.vpo of the primarj- tumor 
was mentioned b.v the author. Of these, 18 were sarcomas, 35 were carcinomas, 
and 4 were of the mixed tumor t.vpe. Of the 4 mixed tumors, 1 was a mixed 
tumor of the jaw, 1 was a mi.xed snuamoas-ccll epithelioma and adenocarcinoma 
of the testb, and 2 were teratoma of the testis. Inasmuch ns the carcinomatous 
element predominated in all of these tumoi-s, the.v have been classified among 
the carcinomas for the sake of simplicity (Table IV). A reidew of this in¬ 
formation indicates that the most common primary site in the entire series was 
carcinoma of the iarge liowei (11 cases); of these, G were rectal carcinomas. 
The primarj- tumor was h.vpernephroma in 7 instances and fibrosarcoma in 
' instances. Carcinoma of the ovary was fourth in frequency, with the lesion 
■n 5 cases being iirimnrj- in this organ. 

Time Interval Between Bemovat of the Primary Tumor and the Appearance 
ofjhe Metastatic Pulmemary Lesion. —This, of eoui-se, was cxtremel.v varialile 
Mnging from zero to fort.v j-eai-s (Freedlniider and Greenfield’s Case 2).’“ In 
>everal instances the metastatic lesion was discovered piior to the primary 
Growth or simultaneouslj-. Although the primai-y carcinoma of the thyroid 
was removed forty j-ears before in the caae referred to preWouslj-, a small 
local recurrence of the tumor in the thyroid gland was found at necrop.sy. In 
^iris’’ case, the patient had undergone ten local remorals of a sarcoma of the 
ir^t over a period of thirtj'-five j-ears before the occurrence of the pulmonary 
csion. Doming and Dindskog’s” patient also had multiple removals of the 
primarj- neoplasm of the bladder and urethra over a twelve-year period. Thus, 

0 true time uiten-al before puhnonai-y metastasis occurred cannot be ac- 
cnrjtely estimated ni these eases. In 7 instances, the inten-al of time elapsing 
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nr liraiich liy tlie iiictnNiiilic. tuinoi'. lit 17 chkcs (6'I per cniit), I>n)TU‘liinl iii- 
vnlvomcnt wiis Jirnspiit nnd in 10 cimpK it wiis ?io(. Ily infin-oMpn if mny lie 
nicnimnd flint in most oC fho rcmiiiniiip: l•ns(■K in wliiidi this rnnturn wns not 
dLsciissi'd, pross lironnliinl involvemi'iit wiis probnlily not jirosnnt. h'or the 
entire series ol G2 cnses, the incidenee of In-onehiiil involvement ns definitely 
stflted ivas 27 jier cent (17 out of 02 ense.s). The true iiei’eeutape undouhtedly 
lies somewhere between this figure imd the previously mentioned 03 per cent, 
probably 35 to 40 per cent of eases. 

Of the 17 cnses in which hrouchiiil involvement wns noted in this series, 
there wns a positive re.sulf on hronchoseo|)ic biopsy in 10 (50 jier cent). This 
is an ineidence of 10 jier cent for positive results on biopsy for the entire 
serie.s. 

Type of Operation Perfonned .—Of the 02 patients reporteel on, 27 had 
Inlieetomy, 25 had pneumonectomy, nnd 10 had partial loheetomy or segmental 
resection. Two patients hnd multiiile removal of pulmonary meta.stntic tumors, 
of which 1 wns by lobectom.v on two separate occasions, nnd 1 by bilateral 
imrtlnl loheetomy. Two instances listed ns segmental resection were probably 
simple e.vcLsion of the metastatic nodule. In the eases reimrtcd early, partial 
lobectom.v nnd local c.xcision were not infreipiently performed, whereas pneu¬ 
monectomy was usually the in-ocedure of eboiec iu the cases in which opera¬ 
tion was pcrformetl during the middle ,veni-s. Jlore receiitl.v, lobectomy has 
licen done more often than any other procedure, and superficially it appears 
that the best results have been obtniuerl from this procedure (Table \fl). It 
is impossible to convey aceurntely the entire picture by this means, however, 
inasmuch ns the figures do not take into consideration such imimi’tant factors 
as extent of the lesion at the time of operation, operative nnd po.stopei'ntive 
mortality, nnd the time inteiwal between discovery of the metastatic growth 
and surgical excision. It is probably time, nevertheleas, that in the case of 
a solitaiy metastatic tumor well within the confines of one lobe, lobectom.v is 
the ])rocedurc of choice. Segmental or wetlge re.scction may occasionnll.v be 
considered in selected cases. 


TABiiE \T. Hi’kvivai. Accouuino to Type or Opekative PRoenn’RE Cariuru Oit 

_ OPERATIVE PnOCEDDRE 

1 PATIENTS 

Ol'hUtATEOON 

1 8 L'RVmNO 

NMfllUER 

PER CENT 

;raftial or eegmontnl lol>ectomy 
Lobectomy 

Pnenmooectoniy 

10 1 

'27 1 

i 

7 

.•lu 

-4R 

28 


Pnd Resultn .—Of the 62 patients who undenvent pulmonary resection 
ioi metastatic lesions, 23 were living and svell at the time of the various le- 
iwrts (37 per cent). Tliis figure is obidously too high uiasmucli as some of 
the patients had been followed for only a short time. Furthermore, some of the 
Patients who were well at tlie time of reporting will likcl.v have died .toIisc- 
fiuently of further spread of their disease. In an occasional imstanec, the 
Patient was alive and well but the author commcntMl upon the unfavorable ping- 
Pcsis in view of involved hilar glands at the time of operation, or other 
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Tabi.k IV. Tyi'KS ok ritiMAnv TuMon.s vou Vhioh Pui.mokauy KE-^sECTinx ok tiik Metis- 
TATic Lesion Was Cakkied Okt (Am, Kei*oi!tei) C,vses) 


TYPE OP PRIMARY TUMOU 
Uiireiiioma (C8 per cent ) 

Adonociircinonm of larfie liouci 

(cecum '2, sigmoiil 2, colon 1, rectum (i) 
Hypernepliromn 
Carcinome. of ovary 

(aclciiocarcinoma 3, fjramilo.sa-cell carciaomn 2) 
Carcinoma of uterus 

(adeno-aeaiitlioma 1, adenocarcinoma 1) 

Mixed tumor type 

(tenitoma of te.sti.s 2, squamous-cell epitheli¬ 
oma and ndenoenreinoma of testis 1, 
mixed tumor of jaw 1) 

Carcinoma of cervi.x 
Chorionepithelioma 
Carcinoma of Iirensf 
Carcinoma of thyroid 
Carcinoma of stomach 
Adenocarcinoma of jejunum 
Carcinoma of bladder and urethra 
Squamous-cell epithelioma of palate 
Carcinoma of mandible (adamantinoma) 

Malignant melanoma 
Sarcoma (32 per cent) 

Fibrosarcoma 

(tendon sheath 2, leg 2, thigh 1, arm 1, 
chest Tvall 1} 

Osteogenic sarcoma 

(thigh 1, os calcis 1) 

‘' Sarcoma ’' 

(breast 2, uterus 1, fibula 1) 

^lyxosarconin 
Neurogenic sarcoma 
Myogenic sarcoma 
Liposarcoma 

Malignant synovioma of calf__ 


CASES 

11 


I 

5 


4 


1 

1 

1 

1 

1 

1 

1 

I 

1 

1 



between removtil of the iipinniry tumor anil the np])enrance of 
lesion in the lung was, or could have been, ten years or longei ( fl 
The usual time interval was much less than the extremes indicatec 
V, however, averaging one to four years. In some instances the meo ^ 
growth was evident in a matter of only a few months. In 
“long interval” cases, 5 patients died, 1 was alive two veal's a tei pu 
resection, and the remaining 1 was follotved only six months. 

Bronchial Involvement .—In 27 of the 62 eases, a definite l^^,s 

of involvement of a ma.lor ))roncmi 

Tumor anh Appearaxce 


given concerning the presence or absence 


Table V. Time Inteuyal Between Removal of Primary 

Pulmonary ;Metastatic Lesion in Seton Cases in 
Duration Was Longest 

IntervaMX^^ 


AUTHOR 


Preedlaiider and Greenlieldi®, Case 2 
DiviS*T 

Mayo Clinic, Case 7* 

Brezina and Lindskogi® 

Demiug and Lindskog*i® 

Mayo Clinic, Case 9* 

_ Sweet,'-^ Cas e 2 __ 

♦Multiple operatlon.s performed for recurring prlniarj' tunioi. 


0 to 40 
1 to 35 
19 to 22 
13 

1 to 12 
7 to 11 
10 
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Table VIII. Primaict Leaion* ik Twkkty-Tiikee Ca«E8 in Which thr Patient Was Auvr 
AT THE Time the Case Was Repobteu 


TATE or TUMOR | 

1 OASES 

Curcinoma 

1 

I^rge bowel 

o 

(cecum 2, sigmoid 1, colon 1, rectum 1) 


Ilj^-porneplirnmn 

.1 

Ovary 

Cervbc 

1 1 

ChorionepitlielioDin 

1 

Sarcoma 

1 J'J 

Fibrosarcoma 

! a 

(thigh, leg, chest wall) 


Breast 


Osteogenic, fibnla 

Neorogenle, ulnar nerve 

T 

1 1 

iij'ogcnic, thigh 

Llposarcoma, tlilgU 
ilalignont synovioma 

1 1 

I 1 

1 1 


Ill 10 instances in the proup of 23 ‘mnnviiiff patients, the presence or ab¬ 
sence of bronchial involvement waa commente<l upon bj’ tlio author. Of this 
number, 5 patients showed invasion of n major bronchus by the tnmor and 5 
did not. 

In some instances in which there was a final fatal outcome, ptUmonarj" 
resection resulted in Riieh a degree of palliation and prolongation of life ns to 
make the procedure definitely worth while. In the 3Inyo Clinic Case 1, for 
example, the patient lived six yoai's and nine months before eventually dying 
nf further metastasis, and mo.st of this lime she was well. TTsunlly the interval 
between pulmonary resection for a metastatic lesion and death has been of 
short duration. Thus, it npiienrs that in the majority of cases, if further 
spread is going to occur after pulnionnrj' resection, it will probably be ap¬ 
parent 'wdthiii a period of several months to one and one-half years or two 
years. 

Six 0])erative or imine<liale postoperative deaths occurre<l in the entire 
series of G2 cases, an incidence of 10 jier cent. 

SUMMARY 

Reports of 52 cases iu the literature plus the records of 10 cases at the 
ilayo Clinic iu which pulmonorj’' resection avqs performed for metastatic 
Malignant desions haA’-e been studied and the findings presented. 

The primary tumor Avn.s sarcoma in 32 per cent (18 cases), and carcinoma 
G8 per cent (39 cases) of the 67 cases in Avhich the type of primary tumor 
''as mentioned. The primary' tumors for AA'hich resection of solitarj’^ pul¬ 
monary metastatic lesions AA'as most freiiueutly done were carcinoma of the 
lioAvel (H eases), hj-pernephroma (7 cases), fibrosarcoma (7 cases), and 
carcinoma of the ovary (5 cases). 

The time interAmls betAveeu remoA-al of the primarj' tumor and appeanniec 
of the secondarj' lesion in the lung Avere extremely A'arinhle, i-anging from 
*ero to fortj- years. AVith several exceptions, the patients AAith long intervals 
of time elapsing between the occAArrenco of the primary and the secondary 
t'lmors did no bettor than the group as a whole. 
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Table VIT. Data on Twekty-Tiikee Patients Who Underwent Pulmonary Resection fok 
A Metastatic Malignant Lesion of the Lung and Who Were Ajj\-e 
When the Cases Were Retorted 


AUTHOR 

SURAHA'AL 
[ (MONTHS) 

PRIJIARY TUMOR 


' G 

Harconia of breast 

R6pke,Ao Case 2 

1 

Carcinoma of ovary 

Bnrnev and Churehilln 

i 144 

Hj'pernephroma 

Cottoni-* 

3G 

Carcinoma of cecum 

Freedlander and Greenfield,’i Case 1 

G 

Granulo.‘!a-cell carcinoma of ovary 

Blaloek,20 Case 1 

37 

Carcinoma of rectum 

Edwards ,22 Case 4 

21G 

Sarcoma of fibula 

Mandeville,-3 Case 4 

3 (?) 

Carcinoma of cervix 

Maier and TaA’Ior=« 

30 

Chorionepithelioma 

Alexander and Hniglit,i Case 1 

74 

Neurogenic sarcoma of ulnar nerve 

.Alexander and Haight, Case 2 

48 

Myogenic sarcoma of thigh 

Alexander and Haiglit, Case 3 

13 

Fibrosarcoma of thigh 

Alexander and Haight, Case (i 

1 

Hypernephroma 

Sweet,“S Cfise 1 

.84 

Sarcoma of breast 

.Sweet, Case 3 

<( 

Fibrosarcoma of chest wall 

Sweet, Case 4 

15 

Hypernephroma 

Samson^i 

3V'- 

Carcinoma of colon 

Effler and Blade.s,2 Cu-se 1 

17 

Malignant synovioma 

Effler and Blades, Case 2 

18 

Carcinoma of sigmoid 

Blalock,^-* Case 2 

5 

Carcinoma of cecum 

Plick3s 

IG 

Liposarcoma of thigh 

MaA'o Clinic, Case 0 

28 

Fibrosarcoma of leg 

Mayo Clinic, Case 10 

24 

Adenoenreinoma of ovary _ 


modifWng circumstances. In 1 instance the patient subsequently had an mtra^ 
cranial metastatic lesion which was removed by craniotomy (Effler and B a es, 
Case 2). The patient was alive and well one and one-half yeai’s after lo ec oni. , 
and thirteen montlis after craniotomy. This is indeed carrwng extirpa 
surgery to great lengths. 

Study of the surA-iAung 23 patients Auelds certain 
(Table VII). It appeai-s, for in.stance, that EdAvards’" patient 
surAHA'ed the longest to date, namely, eighteen yeais. Uiifoitmiate a, 

AA'as not described in any detail. The next longest suiwiAal aabs t 
Barney and Churchill” aa'Iio Avas aliA^e and Avell tAvelve yeai’s later. 
tion in the latter case Avas done for metastatic liA’pernephroina, an i 

of the fibula. SAveet- has had a seAen- ^ 
of the breast, and 

and Haight’s' fir.st patient AA’as aliA’e and Avell six yeai’s that 

quent to resection for a meta.static neurogenic .sarcoma. ' ^ jepre- 

3 of these 4 long survivals represented cases of sareonia an metastatic 

sented a hjqiei’nephroma, a tumor Avell knoAAUi to give rise to so i put 

lesions of the lung. Partial lobectomy aa'hs the operatiA-e proc jjggtomy 

in EdAA'ards’" ease and m Barney and Churchill’s” case, aa i e pi 
AA'as done in SAveet’s^ case, and bilateral lobectomy Avas per oinie ggo^vths 
Alexander and Haight.' The last-mentioned patient had - niontl'S 

remoA'ed thirteen months apart and aa^bs alive and well six Teal’s 

later. _ . . according 

Table VIII gives the distribution of the priniai.A" repoi't- 

site in the 23 cases in AA'hich the patient was aliA'e at the time o 


cuse it Avas done for sarcoma 
surAUA'a! folloAAung resection for meta.static sarcoma 
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DISCUSSION 


l^R- D. H. AVATERilAN, Knoxville, Tenn.—Dr. Seiler has shown tbnt isolated meta- 
lesicnm in the lung are not unconinion. In broncliiogenic carcinoma, however, metastasis 
to (he contmlaterol long Is relatively rare. I rise to report on instance In this latter 
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Bronchial involvement. Avas noted in 63 pei- cent of the cases in whicli tie 
rejiorts es])ecially mentioned tins feature, or in 27 per cent of the entire 
group. The true percentage probably lies somewhere between these two 
figures, indicating that in a A'ery .substantial proportion of cases the tumor mil 
he found to he invading a major bronchus. This is in contradistinction to 
the former teaching that bronchial immsion by a metastatic tumor is uncom¬ 
mon. A po.sithm diagnosis Avas made by means of hronchoscopic biopsy in 16 
per cent of the entire series. 

The type of operation ]mrformed apparently did not too greatly inflnence 
the survival rate. Lobectomy or segmental resection is probably the proce¬ 
dure of choice Avhen possible. 

TAventy’’-three iiatients out of 62 Avere living and Avell at the time reported 
on (37 per eent). Tayo of these 23 had survived ten years or longer, and 7 
more had .survwed for ])eriods ranging from three to ten ymam. The remain¬ 
ing 14 patients had been Ih-ing and Avell for periods A'arying from several 
months to tAvo years after I'eneetion. Of the gi'oup of 23 sundvoi’s, theprimaiA' 
le.sion Avas sarcoma in 10 in.stances and carcinoma in 13. The most common 
primary tumors encountej’od among the surviving group Avere carcinoma of 
the colon and rectum, hypernephroma, fibrosarcoma, and carcinoma of the 
ovary. 

Palliative pulmonaiy I’esection for metastatic malignant le.sioiis occa¬ 
sionally seemed to he justifiable on the basis of prolongation of life (six yearn 
and nine months in one instance) and the degree of comfort atfoide t e 
patient. 

The operative, mortality rate for the series Avas 10 per cent. 

CONCLUSION 

The surgical excision of solitary, metastatic, malignant lesions of the 
indicated in certain cases in Avhich the primary tumor ap])arently has leei 
pletely removed and in Avhich there is no evidence of further metastatm sp^^ 
Experience has shown that in a fcAv instances suiwiAml for many 
expected to folloAv such a procedure, Avhile at other times the dCoi^e o 
tion afforded makes the attempt justifiable. 


ADDENDUAI ^ 

Since the completion of this work, pulmonary resection for jnclnded - 

performed in 6 more cases at the Mayo Clinic. The primary lesions in t of 

fibrosarcomas (chest wall), 1 osteogenic sarcoma, 1 hypernephroma, 1 a en 
uterus, and 1 adenocarcinoma of the maxillary antrum (cylindroma ^^5 noted 

was carried out in 2 instauces and lobectomy in four. Bronchial gight mentis 

2 cases. Two patients have since died of recurrence of their malignant evidence of 

and one year, respectively. The remaining 4 patients are alive and jnontlis, and fm"' 

return of their disease for periods of eighteen months, eight months, eig 
months, respectively. 


1. 
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of thoroDghnCM witli \rhicli the body is explored for poaniide demonstrable metasttises other 
tlian the obrious one in the loop, •n'hethor there are other metastoites whieh are not demon¬ 
strable nnd which, if present, presumnbly ennnot be rcmove<l. 

Dr. Haight nnd I felt tlint it would l>e of interest if a fullow-up Nvero presente<l to yon 
concemlnp the patients ^vo reported upon In 1947 (slide). Those tire not gronped chron- 
ologfenlly but according to the type of lesion nnd, incidentally, a few have l>een added since 
1D47. The largest group by fnr, in contradistinction to Dr. Seiler’s patients, had sarcomas. 
The first group is of sarcoma, the second of carcinoma, nnd the last, n single care, is a cystoma 
of the ornry which microscopically wns considered to be benign Imt which had metastasired 
to the long. Two of the living patients have new metostoses which arc irremovable nnd, of 
ronrw, three patients will die. Among the whole group of 11 patients, 4 are dead, 2 will 
almost certainly die, and 5 nrc in excellent health with no sign or symptom of malignancy. 

Our first nnd moat interesting patient, nnd the one who convinced u.« that tije gamble is 
worth while, is a woman who had a very mnlignant type of spindle-cell sarcoma of the median 
nerve, which was removed by Dr. Alexander T. Bunts at the CTeveland Clinic nine and one- 
half years ago. One year later a small lesion appeared in tlie right lower lobe; Dr. Bunts 
explored the forearm l»ecnuso of causalgia and found a benign flliroma without any evidence 
of recurrence. I removed the right lower pulmonary lol)e nnd one year later the patient re¬ 
turned for a check-up examination Ifecausc of cough; she hail a large lesion in the left upper 
lobe. HI luck had returned; more than one metastatic lesion had l)een present nnd, possibly, 
a great many. I decide<I, however, to remove the left upper lobe on the remote chance that 
It contained tho only remaining malignant tissue; the patient is now perfectly well eight nnd 
one-half years after the second lol>ectoray. 

The second patient is also of s|>ccial interest: he had had two operations on hts thigh 
for a rnj'ogenio sarcoma, the second of which was probably for mi implantation lesion; before 
I removed the right upper lobe, T had biopsy specimens taken of the thlglt—three deep slices 
to the femur from which 50 sections were prepared and no sarcoma cells were found. The 
reason for a strong suspicion of recurrence locally at the site of the primary lesion was that 
this patient had inndvisaldy lieen given very heavy doses of x-ray therapy following removal 
of tJio thigh sarcoma, and there wns deep ulcerotlon so tbot it wns imposible to tell from in¬ 
spection and palpation whether there had been a recurrence. But there was none and he is 
well and working, six and three-quarter years after opemHon, and without any sign of an¬ 
other metastatic lesion. 

^^e have learned very little sinco our first patient of nine nnd one-half years ago as to 
what criteria, other than the obvious ones that occur to ns all, are important with regard to a 
^P»«nabl 0 expectation of a core or possibly of prolonged relief of distressing symptoms. 


DR. 0. K. J. SOMMER, JR., Trenton, N. J.—It is interesting to note tliat Weinlechner* 
In 18S1 removed rivo metastatic tumors from the lung at the time of resection of a huge sar- 
of the l>ony thoracic wall. The patient died postopemtively. KrCnIein in 1883,t re- 
’”<Jved a metastatic sarcoma in the lower lolw of the lung ^vhen operating for a recurrent prl- 
’wnry tumor of a rib. The patient lived for six years and ditxl of a farther recurrence of tJie 
sarcoma without further apparent pulmonary lesions. In both these cases the meta¬ 
static tumors were definitely hemnfogenous and did not involve the lungs by continuity. 


The pathologic basis on which metastatic tumors may be successfully treated Itas been 
by Schmidt and Muir. Schmidt t showed that in the presence of visceral carcinoma many 
tumor cells pass to the lungs. Most of these tumor emboli, however, do not survive or, if they 
*^0 grow, remain of microscopic slxe and cannot bo disclosed vrithout very careful examination 
of the longs. Furthermore, peripheral metnstasea arise, not from tumor emboli passing throngli 
no pulmonary capillaries, but from tho pulmonary metastatic turnon, which may be tho micro- 
l^plc O DCB ilescril>ed. It is also from such microscopic pulmonary metastatic tumors that 


•'VIen. med. XVchschr. tt, 689. 1882. 

kiln. AVchschr. Sli 129. 1884. 
tDle Verbreltunffinre^ der Kartlnome, Jena. 1901. 
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group, in uliicli u-e were coiifrouted Avith the problem of nn apparent metastasis arising jj 
the opposite lung of a patient on ivhom a pneunionoetomy had been performed some five and 
onc-half years previously (slides). 


The patient is a 53-ycnr-old white man whom we first snw in Octolmr, 1942, with eleva¬ 
tion of the left diaphragm and a six months’ history of weight loss, cough, and other tjyical 
symptoms of bronchiogenie, malignaney. Bronchoscopy at that time revealed a squamous-eell 
carcinoma blocking the left lower lobe bronchus. Following removal of biopsy tissue, the 
left lower lobe aerated and the diaphragm descended to its normal position. In November, 
1942, total pneumonectomy was performed on the left using individual ligation technique, 
Thera was no evidence of mediastinal raefastases at operation. Dyspnea did not develop sub¬ 
sequently, so thoracoplasty was not performed. The patient was followed at three-month iuter- 
\ails, and apparently did well, showing no signs of recurrence. However, in March, 1949, as 
shown in. this slide, a small rounded lesion IVi bj' 2 cm. appeared in the right upper lobe. IVe 
thought there was a possibility of recurrent malignancy, but with perhaps wishful thinkiDg, 
hoped it miglit be of some other origin. After n trial period of bed rest, however, the lesion 
was seen to be slightly larger. In view of this, we decided we were dealing with metastatic 
tumor, and suggested exploration. We were rather reluctant, of course, in sucli an instance 
to propose surgery, realizing the potential risks involved in any operative nttnek on a single 
lung. Unable to find n similar experience reported in the literature, we gave considerable 
thought as to what tjqie of procedure would be advisable, first considering a preliminary op¬ 
eration to promote pleural adherence in the area. We rejected this because of the limitations 
it imposed, and renched the conclusion that open thoracotomy would be the procedure of choice. 

The next slide showing the roentgenogram taken just before surgery indicates further 
enlargement of the lesion. 

The patient wis operated upon on Sept. 10, 1948, under intratrnclienl cyclopropane. A 
posteroInter.nl incision was made and the pleural cavity entered through the fifth intercos a 
sprace without division of either the fifth or sixth ribs. This approach was used so there wo 
bo as little interference as possilde with the function of the remaining hemitliorax. ^ ® 

hesions were piresent. The right lung was kept fully inflated with positive pressure f 
out the operation to insure adequate aeration. The lesion was found to be a firm, ™ 
tumor mass, somewhat smaller than a walnut, located in the posterior aspect o ^ 

upper lobe just above tlie fissure. A wedge segmental resection was performed between c < > 

removing about 2.5 cm, of lung tissue on either side of the tumor. 

A fenestrated catheter was inserted along the gutter to a point just ojt. 

resection, and continuous suction instituted postoperatively’ for two days. Fortuna 
operative course was uneventful and recovery took place without incident. ^ 

These color slides show the gross specimen and the microscopic mr- 

thologist reported the tumor to be apparently a metastatic squamouB-ceU ron 
cinoma. fesidnal 

This last slide is the present situation six mouths after operation, gjnee 

fibrosis in the area of the resected lesion. The man has had no evidence ® hunter, aid 
operation, and has returned to active business life; be is an ardent fisherman 


has taken up these sports as well. rocrasbfl®*' 

I think I might say in conclusion that we are perhaps open to saves' 

ing in tiiia case before proceeding to surgery. I believe we are just e should 

appearance of a circumscribed lesion in the lung following previously known 
alu’aj’s be considered a metastatic lesion until proved, otherwise* 

deid 

DK. JOHN ALEXANDEH, Ann Arbor.—The patients and the pul- 

this condition are confessed gamblers. Before deciding whether or no jejnoved 

monary metastatic lesion, a biopsy of the site from which the primaiy primary 1®^°® 
(if this site is relatively superficial and accessible) will indicate or lao*' 

has been completely removed. But it is pure guesswork, apart from 
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A second boy who hod n wuronm of tho Icp, an O5teofrpnlc wircoran, romorcd nine }‘enr« 
iK'forc, (]cveIopc<l imln nnd fnvelllnp 5n tho rrniaininp ankle, and when tlie roentpenolofriet 
took the x-my picture nnd enw that he had Init one leg he puspecte<l pulmonary oateo- 
arthropnthy nnd took a picture of the cheat. lie found n very donw? alindow in the upper left 
lobe. Wo rcniove<l the upper loI>o in 1041 and the patient hiis had no recurrence of toublc 
and is entirely well. 

lYe hnvo had two other patlentJ* with enironin, one three yi*ani ngo, one two jenrji ogo; 
Iwth had wirconui of the arm and had hntl rccorrencea nml ()eveloj)e<l a lesion in the chest. 
Both Karo had lolfoctomies and are rfill well. We had imothor rare on wliich I cannot tell you 
the final result; it mis four years ago, iintl for two years he urns well. Tho tumor of 
enonnoos size and the original tumor was In the popliteal spare. Tlic Inst ease is too recent; 
rworrenco was present within a year after removal of nn osteogenic sarcoma of the left leg. 
There is no local recurrence but she faile<l to np|>enr at the dispensary for follow-up from last 
Jane until Febrnan,*, when this lesion was diwovere»l. It hnii Ih^'ooic of enormous sire, but 
lobectomy with partial resection of the dlaphnigni wns done. 

I believe that prolmbly sarcomas, l^ecause of their nature, lining a low-gmde disease ni 
nientioncil hy (he essayist, do offer more than the ep thel.al tumors. 

DR. ADRIAN LAMDKItT, Now York.—I have one .itim* that 1 tliink would lie of in¬ 
terest. Three years ago I reso<‘fetI a 26-yenr-old girl’s left upper lolie for n large globular 
adenocarelnoma that mis four inches In diameter. We felt at the time that no lymph glnnils 

Involved; eight or ten were sent to the Inlionitory for noction nnd were nogntive. We 
felt we irore around the tumor until the imraffln sections «*nme luick nnd showed there wore 
cell* In one of the pulmonary veins. We therefore sus|sTte<l that possibly sJie would develop 
metastOMs thereafter. Four months later she <Icvelo|«xl a lump on tlie tliigh which I excised; 
it turned out to bo just fibrous tissue. Eight months after this Hmc, she developed a small, 
1 cm. sUe nodnlo in the right lung. It mis In the right upper IoIh?. Exploration for that was 
ftrried out ono year after tho original left upper lobe lol)e«*tonty nnJ a riglit upper lobe lobec¬ 
tomy was performed. The tumor was exactly the san>e t> 7 >e of tin^uc as was seen the origi¬ 
nal adenocarcinoma. 

She has now gone two j'cars nad is living and well. 
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recurrences iirise after resection of npimrently solitnrj- metastatic tumors of the lung. Muir* 
cmpliasined tlio importanec of ti.'siie resistance to metastatic tumors iu limiting their growtL 
and spread. ^Villist concurs in the views of Schmidt and Muir. 

A case under the care of the speaker illustrates the views already outlinerl. The 52-year- 
old male patient had complained of thoracic pain for one year. Iloentgenographic exnmina- 
tion showed the lesion, which was thought to be of an inflammatory nature, invoh-ing the 
right seventh rib. It was explored with local anesthesia. Histologic examination dieclofed 
nil adenocarcinoma. Hecausc of vague abdominal .symptoms and the demonstration of .seveml 
colonic, diverticula, it was thought that the itrimary tumor was probably a minute one in the 
gastrointestinal tract, lloentgen ray therapy was administered to the costal tumor. After 
discu.“sion of a similar case with Dr. T. II. Trimble of Raltimore, however, the seventh and 
the ad.iacent two ribs were widely rc.sected. The patient lived for two years. Further studies 
failed to disclose a primary tumor. He died suddenly of gastrointestinal hemorrhage. The 
autopsy was performed in a mortician ’s establishment. The primary adrenal tumor rvas found 
above the right kidney. The fatal hemorrhage had come from an ulcer of the pyloric end of 
tho stomach. Material for micro.scopic sections of the lung was taken from a caseous apical 
focus and foci considered to be pneumonic at the base of the right lung. The histologic sec¬ 
tions of the second portion of lung, however, showed adenocarcinoma similar to that of the 
adrenal and rib. Numerous roentgcnographic studies of the lungs had never shown evidence 
of metastatic tumor. No other gross secondary tumors were found in the post-mortem exam¬ 
ination. Efller and I31ades{ have do.scribed a cn.se in which a solitary pulmonary metastatic 
tumor was removed and lnt(>r an apparently .«olitary one of the brain. 

DR. ARTHUR AUFSES, New York.—I think there is one subject that has not been 
touched upon; that is the possibility that the solitary lesion that is seen in the lung tifkf 
the patient has been known to have a carcinoma, may not 1)C metastasis; it may l>e snot er 
primary tumor. That should be kept in mind in thinking about exploration for remova o a 
single lesion in tho lung under such circumstances. We have recently had two patients one 
of whom had been treated for a number of years for a squamous-cell carcinoma 'P' 

and who developed a solitary nodule in the lung. On removal of this lobe 
because we felt that it was a metastasis—^it was found to be a primary lesion ® 
nature from that of tho lip, an adenocarcinoma. Another patient had had a 
tho colon removed eight years previously, then a gastrectomy for carcinoma of the 
years previomsly, and then came in with a solitary lesion of the lung. A pneumonec 
performed and the lesion in the lung was squamous-cell carcinoma, whereas the o e ^ 
adenocarcinomas. For that reason we feel that any solitary lesion must be consi ere 
possibly another primary carcinoma. 

DR. WILLARD V.iySf HAZEL, Chicago.—I believe that the mesothehnl 
sioiis probably promise us more tliaii tlic epitliclinl ones. Wc have Iind hand 

epithelial metastases, and oidy one is living, but she has other metastases. lesion hot 

we have six cases of sarcoma; the first was one that I reported not as a me fire 

as a pjrimary lesion of pulmonary osteoarthropathy in 1939. This girl ha a ^liich 

mass in the chest which we removed; there was only a stalk about the size o 
was fused with tho fissures on the right side. This was reported as a *^*^^jgenogTnni and 
monary osteoarthropathy returned in 1940. Little could be seen on j,gPulnlioa 

because of the diagnosis of fibroma we did not suspect a recurrence, but lere^ removing 
at the hilus. On exploration we found nodes at the hilus and ue did a resec ^ Peltoid 

lung in 1941. Since that time, three years ago, this girl has developed a j,ot cun' 

and we removed a similar tumor, undoubtedly metastatic, so the ),e removal- 

her. Two years ago she had a popliteal tumor of similar character am i 
Sho is still living and able to do things, although not in the best of health. 

•Textbook of Patholopj-. ed. Baltimore, 19SG. AVlIllam t\ ood & 

tPatholofO' of Tumors, St. L.ouls, 1948. The C. V. IMo.sby Company. 

}J. Thoracic Surg. ii: 27, 1948. 
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Table L Ixcidexce of SyurrosiB Pwa-iofs to Diaoxosis 
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I T06 
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]1 
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3 

25 
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0 

12 
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5 

.12 

Pleuntio pain 

2 

8 
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0 

10 

Emaciation 

9 

8 
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20 

Fever and nigbt mvwits 

G 

-} 

3 

1 

14 

Ko ajmptomg 

_ 


_ 


4 

Xo phj*aicnl fintUnpe 

- 

- 

- 

- 
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had fever and night sweats of varying degiyc only 1 of tlic cases was found to 
have tuberculosis at autopsy. As would ho expected the greater number had 
specific symptoms recognirablc within the onc-.vear period previous to diagnosis. 
Although the peripherally located group repiescnts onl.v approximatel.v 20 to 25 
per cent of all bronchiogcnic carcinomas, 18, or 45 per cent, of the resected 
tumors of this series were in this group. This is explained by the fact that some 
of these tumors were found on routine fluoroscopic examination before .s.vmptoms 
had developed. Ten of this group had pleuritic pain. The unreliability of these 
sjTnptoms and physical findings is well demonstrated in the preceding table and 
discussion. This same experience has been ob.scn'ed by many other surgeons.’- ’■ ■* 


con II ENTS ON TAUI.E n 

T.\ble ir. Laboratosy or Objecti\'e EvmExcE or Tcmop. 



BOEXTOLVOOUAM 

1 N'l’MBEn 

PER TENT 


Tonior viffunllrM 

20 

05 

-- 

Atelectsflla 

27 

07 


The problem of recogniring early tumor of the lung in the roentgenofluoro- 
graphio examination is a difficult one. The identification of a primarj- tumor of 
the lung is even less casj-. A thorough review of the films on the aforementioned 
“10 patients knowing that they had carcinomatous lungs resulted in identifj-ing 
only 26, or 65 per cent. That number is greater than the numljer originally 
t^gnired as tumor by the roentgenologist on routine initial e.xamination. The 
observation of atelectasis was of littlo more help. Often atelectasis is obseiwed 
distal to the site of a disci-ete tumor mass as a result of bronchial obstruction 
produced by the mass. The finding of atelectasis alone without other evidence 
of tumor is in itself not diagnostic of tumor of the lung. The x-ray examination, 
therefore, is valuable as a diagnostic aid primarily in so far as the particular 
bunor is discretely evident in the Itmg fields visualised, but it is often helpful 
0* a suggestive indication of pulmonary pathology-. 

COMIIEXTH ox TABLE HI 

Gross recognition of a bronchiogcnic tumor and biopsy is only partly suc- 
assrful in the centrally located tumors. The tumor may- be anatomically cen- 
aslly located, but be situated outside the bronclius and thus lie unrecognizable 
rough the bronchoscope. The experienced bronchoscopist can readily- recognize 
r presence of a protruding or fungating carcinoma grossly-. Biopsy must be 
ued to identify the suspicious lesions. In this series 24 of the 26 with posi- 
"■e findings had biopsies. The remaining 2 recognized were diagnosed grossl.v. 
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I. A Pathologic Clinical Corrklative Study of Full-Size ]\Iounts From 

Operated Carcinomas 

Francis J. Phillips, Clair E. Basinger. M.D.* (by iwttatiox), axd 

■\VlLLTAM E. AdAJIS, M.D. 

Chicago, III. 

T he eontrovci’sy among clinicians and patliologisls regarding the pathogenesis 
of primary carcinoma of the lung stimulated one of us (W.E.A) to mahc 
full-size mounts of ropresentatiYc cross sections of all tumoi’s of the lung re¬ 
moved. This material has been collected from resected eases in this department 
over a period of nine consecutive veal’s. The study represents at least three-year 
follow-up on all eases. An atlem])t has been made to correlate the tjpe of tumor, 
the site of the tumor, and the size of of the tumor with clinical manifestations as 
demonstrated by history, physical findings, radio fluorographic interpretations, 
bronchoseopic examination, and exploratory thoracotomy. A cross section of the 
entire tumor has been studied in detail for variation in type of malignant cells. 
The type of cell has been studied in its relationship to the site and size of t e 
tumor, the rapidity of growth, direct extension to contiguous tissues, andmetas 
tases to other organs. The tumors have been studied for variation of type o ce 
within the tumor. All these inherent characteristics of the tumors hase een 
studied in relationship to the duration of synuptoms and objectiie mani a iom 
of the growths per se. No attempt has been made to grade l^e cell 
from the microscopic appearance of the cells within the indw u 
tumors. The following tables unth individual respective discussions give 
prehensive evaluation of the correlations included here. 


COMAIENT-S ON TABLE I 

The clinical recognition of carcinoma of the lung is often veiy 
cxi.stence of the tumor is not recognized often until the opportune time or 
able operation has passed. The symiptoms bringing the patient to tec 
be verj^ bizarre and apparently unrelated to tumor of the lung. (s 
for tumor of the lung to be found in routine x-ray examinations of pa i 
admitted to the hospital for other diseases. At this hospital t le me 
lung tumors of all types for all admissions both to the outpatien ci 
the hospital is %o of 1 per cent.^ In these examinations 4, or 1 
aforementioned cases were discovered at the time of routine c 
admission examination for some other disease. Seven of the cas^ 
cal findings on regular physical examination. Twenty-five, or 
the 40 had some degree of hemoptysis. Any streaking of t le 32, or 

was classified as hemoptysis. The number having cough an ^ xusaslly 

80 per cent. Only 26 of the group had weight loss. This group 

associated with carcinoma in any part of the body. Althoug ^ ^^oradc 

Head at the Twenty-ninth Annual MeeUng of The American Aas 
Surgery. New Orleans. La.. March 29-31, 1949.- rhieago. This 

From the Department of Surgery of the University of Medical Research 
ported In part by grants from the Douglas Smith Foundation lor u v 
tllinots Federation of Women’s Clubs. 

' »Work done in conjunction with Senior Tiiesls. 
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this figuis: ol the incidence of sqnnmons cells is significant. The “so^talled” 
adenomas or slower growing carcinomas were all centrally located. They rcpic- 
sent 10 per cent of the eases of the entire operated series. 

llefastases had occurred in IS of the series or 65 per cent of the total at the 
time of operation. Within the groups indiridually consideicd the incidence of 
melastascs varied from the over-all percentage widely. In adeno- and squamous- 
cell grouping the 77.7 per cent inctastascs -within the group ropiosents only 17.05 
per cent of the metastases of the entire series. This is the highest percentage of 
any single group. The incidence in the squamous-cell groups was 11, or 27.5 per 
cent. Two cn.ses with mctnstn.ses occurred in the adenoma group. Ono of these 
patients had continued a relatively normal life for a period of two years in spite 
of a proved metastasis to the liver found and hiojjsied during an abdominal 
operation two years after the ijaimaiy tumor had been resected in tlie lung. This 
patient, however, died of widcsi>read inctastasc.s thi-ce years later. Cases have 



1, C .—PhotonilcroRTBph of tumor nhowlnp pearl formations 

l)cen reported of these tumors remaining intact and apparently dormant for 
’’'any years and then Irecoming obviously malignant.' In the 19 cases -with em- 
dence of metastnscs the anatomic site of the primary tumor was peripheral in 
'he lung in 10 and central in 9. All of the patients tvith mcta.stase3 from 
peripherally located tumors are dead. There are only 6 of the patients dead 
fwm the group with centrally located tumors. Comparing these numbers with 
those of the entire series 28, or 70 per cent, of the resected eases were dead at 
the time of the study. Since 55 per cent of the tumors were centrally located 
the greater number of deatlis has occurred in the jjatients with centrally located 
Rumors. This figure, however, is olmously misleading since the study of each 
individual case reveals that a definite number of tlic deatlis was not dii-eetly 
Mused by the tumor, liut was either operative deaths or deaths from other causes. 

' IS concluded then, tliat in this study the iucidenee of metastases is infonnativc. 


but the 


mortality rate is not significant to the analytic correlative study itself. 
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F‘e. 1 (A to C).—Unit No. 30S221, male, aged 15 years. Squamous-cell peripheral tumor 

'Vita pearl forniutlon, Xo nietastn.«es. Living. 

Fig. I, A .—Roentgenogram oC chest previous to operation. 
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Tile size of tlio tumor appears to have no relation to the incidence of metas- 
toses. In fact, the largest tumor resected, No. 256381, had no demonstrable 
metastases. The patient died of cardiac failure within a short period of time 
following the operation. It may be significant that this patient had no s.ymptoms 
or physical findings preoperativcly and the tumor had both adeno and squamoms 
cells within its stroma. The data on size of the tumor is of piimarj’ interest in 
domonstrating the size of the individual tumor it.sclf e.vclusivc of tissue reaction 
around the lesion. It has been olrsciwcd in this stud.v that a chronic pneumonitis 
surrounding a tumor may mi.slcad both the roentgenologist and the thoracic 
surgeon as well in judging the size of the tumor even at the operating table. 

coai.iin.VTS os taole vn 

The average age of patient.s in this gioup was 52.8 vcais. The average gro.ss 
dimensions of the tumors were 3.S cm. in the largc.st tbnmetcr and 2.94 cm. in 
the shortest diameter. Five of this group arc still alive, or 33.3 per cent. One 
of the 5 who is living came to surgeiy as an incidental finding of carcinoma. He 
had had no aj-mptoms or physical evidenee of careinoma. The tumor was larger 
than the average of the group, but smaller than the nveiagc of the entire scries. 


nieUuSSU'to^bmln. yearn. Snoanioiuwn tuDiur wlUi 

Pla. Z, A .—Roedtgenosram of cheat prcvloua to operation. 



One of the other patients who is still living had no symptoms, but had had a 
forty pound weight loss in the previous cloven montlis. The tumor was as largo 
“ fho average of the scries. The tumore in tlie patients living were located, one 
Poriphofpjjj, and four centrally. None have evidence of late metastases. The 
rcniaindcr of the eases had no significant correlative informative data. 

, . of this group had had no symptoms or had no phi'sical findings, .vet 
fheir tumors were well above the average of the group in size. Ono is still living 
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TOMMEXT OX TAnt.E Vni 

The average gross dinicnsiou of the tumors in tliis gionp was only slightly 
larger than in the previous group, but the vanation of size within the grou]) 
was less. In this group the peripheral tumors had within their number the 



Pit J (A dnd fl).—Unit Xo. 'SieJa, male, asod I" yeara, S<iuomoua-«ll penlptwoil tumor 
wutiotil pearlB, Uvinc- No mctnetaBftft. 

Fl^f. 1 , >1.—Ro«ntsenofmim of dJOi»t provloiii* to operation. 



Fig. J. B _Photomicrograph of »ectlon without evidence of pearii. 
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after five yeai-s and one did not survive. One patient, No. 341646, had had mild 
liemoptysis for only four inoiitlis, yet lie had lost ninety pounds in weight over a 
period of eighteen months. The only other .symptoms were cough and sputum 
for six months previous to diagnosis. 
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KIk. 

peripheral 

Pis. 


j (X to J3).—Unit No. 33904. male, apxl C2 >crtr?. 
tumor with lntcnno<llnto transition cell «rvn». 

4. X.— HocntffonogTnm of chest previous to ofN=*mtlon. 


Arleno- and squamous-cell 



Plff* A, D .—Two soparato areas with a<lcno onO squamous cells In each. 



Table VIII. Squamous Cells Without Pearls 
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larger sized lesions. In tlie previous group one patient vith a centrally located 
tumor had the largest sized lesion and had as tlie only symptom cough and 
sputum for a jieriod of one year previous to diagnosis. Tliere was no signifi- 



Fipt. 4, C .—High power photonilcrogrnph .allowing transition between t'no t>pcs ot 
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the spine. Another one o£ tlio group, No. 232383, is of particular interest be¬ 
cause of long trcatnieut and clinical course. The tiunor was first discovered in 
1933. The patient was obsen-cd for some period of time. In 1935, she was given 



in*. 6. C .—Photomlcroiraph of liver metootOJU. 
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cance as to variation in the metastatic incidence in the two groups. Two of the 
patients in this group had had hemoptj'sis for onl}" three weeks pre\T 0 us to diag¬ 
nosis. One of the patients, No. 328415, had metasdases to the liver and to the 
lung hilum, yet he had no weight loss. Neither patient survived. One of the 
three patients. No. 294639, who is .still living, had had a weight loss of forty-six 
pounds over a penod of eighteen months. He had had no pain. His tumor was 
classified as peripheral. 

CO.AIAIENT ON TABLE IX 

This group had the greatest number of cases with the tumor in the periph- 
eiy. Those were the fewest with hemojitysis. The weight loss was somewhat 
greater in this grouii. All but 2 of the eases had meta.stases either to contiguous 
organs or in one case to the kidnc.v. No. 233314. This group carried tlie highest 
mortality on a percentage basis. The average size of the tumors in.their great¬ 
est dimensions was 5.3 by 3.2 cm. The largest tumor occurring in the entire 
series was in this group. No. 256381. This tumor had not metastasized. The 
patient did not sunnve. This group had the greatest number of metastases to 
the pericardium. The only metastases to the chest wall occurred in tliis group. 
One case in this grouji. No. 3593G4, is e.s]iccially interesting in that the tumor 
was peripheral with both adeno- and squamous-cell areas adjacent to each other 
with an area of transition cells in between as illustrated in Fig. 4. 



Fig. 0 (A to C).—Unit No. 232383. female, 'aged 24 years. Adenoma or 
carcinoma of lung "with metastases to liver and brain. Dead. 

Fig. 5, —Roentgenogram of chc.st previous to operation. 


slow growl"? 


COAIAIENT ON T^VBLE X 


cent of the eases 

This group of slower growing cai’cinoma repi'csents 10 per c of 

in the study. One of the group had an early metastasis to t le on 
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tases canie fwm the ndciio-squnmon.s type. Only 2 of these 6 had pain. Only 
3 had hemoptysis. Two of the 3 had hemoptysis for one year or more. This 
would appear to indicate the presonee of a growing tumor for a long period of 
time. One had hemoptysis only two weeks and yet that tumor was one of the 
largest of all t^-pes resected. 

The potential malignancy of the soA'nllcd adenoma is further substantiated 
in 2 of the 4 cases presented. The death rate and metastasis rate were both 60 
per cent. One metastasized to the hmin and one to the spine, thus following 
common carcinoma metastatic patterns. Although theie may bo some plausible 
debate as to the cell origin and growth rate there is little doubt of the ultimate 
course of the tumor. Our cases and ca.ses reported b.v other surgeons previously 
cited in this paper give convincing proof of the malignant nature of the so-called 
adenoma. One of us previonsl.v a.scril)cd the term “malignant adenoma’’ to this 
t.^■pe of tumor.'" Now it appears that it may be piugno.sticaUy sagacious to con¬ 
sider them carcinoma in general and accord them tlie serious respect given car¬ 
cinoma of the lung. The ineffectiveness of x-ray therapy is demonstrated by our 
patient, No. 232383, who had massive irradiation yet she died of metastasis to 
the brain and liver. One patient with a sqnamoiis-eell carcinoma with pearl 
formation had x-ray evidence of a large tumor of the chest for a period of 
three years, yet there were no .symptoms. IIo died of cardiac complications a few 
weeks after resection. Complete post-mortem e.xamination revealed no metas- 
tases. Comparing the adenoma, so-called, with this proved case of carcinoma, it 
IS difficult to ascribe less serious significance to the adenoma groups. 

The time of diagnosis of the lung tumor appears to be of more prognostic 
%iificanee than the type of cell foiuid in the tumor or its location in the lung. 

CON'CLCSIOXS 

1. A .study of 40 resected carcinomas of the lung has been made. 

2. S(iuamoas-cell and adeno-cell carcinoma have been demonstrated immedi¬ 
ately adjacent within the same tumor mass. 

3. Sqnamons-cell carcinomas with and without pearl formation were found 
ui 36 individual tumors. No pure adeno t.rqie carcinoma cell tumors were found. 

4. Two piuvcd mises of juctastasls of a so-ealled adenoma were studied and 
discussed. 

6. No correlation between type of tumor cell or location of tumor within the 
lung and the prognosis was demonstrable in this study. 

6. Lung carcinoma occurred almost six times mora frequently in men tiian 
in women. 

RSFKRKNOSS 
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X-ray therapy to the tumor through llic cliest Avail. Tlie x-ray evidence of the 
tumor disappeared. lioAvever, tlic mas.s i-eappeared approximately eight years 
later. At that time, Oet. 14, 1943, a right bilolieetomy Avas performed. Post¬ 
operative coui’se Avas uneventful. She Avas apparently relieved of lung symp¬ 
toms. Taa’o years later, or 1945, a pehie operation Avas perfomed through the 
abdomen. On exploration nodules AA-erc demonstrable in the liver, llieroscopic 
section of these nodules revealed a morphologic picture like that of the tumor 
removed from the lung tAvo yeai-s prcAiously. She survived until June, 1918, at 
AA’hich time she died AAith generalized metastases including the brain. These 4 
cases Avere included in this series because of the similarity of symptoms to those 
of the more rapidh' groAving carcinomas. The main differance in the tA\'o types 
of tumora appeai-s to be in the rate of groAAi,h. 

DISCUSSION 

This is belicA’ed to be the firat such correlatiA’c study made of sections 
of resected lung carcinoma. We belicA'e tliat the .study' is peculiar in that it 
demonstrates rather unequiA'oeally that many of the former concepts regar g 
the groAsdli, metastases, and mierascopic characteristics of carainonia are no 
longer tenable in dealing Asitb these tumors of the lung. 

The evidence presented in this paper that any combination of cell types may 
exist in the same tumor belies many of the prcAious beliefs that a 
type has a predilection for some specific area of lung tissue. ^ This^u y o en 
sections of tunioi's after resection has been very illuminating. Squamous c 
Avith pearls AA'ere not found in the same tumor AA'ith 

cells. This may be indicative of groAA'th phases, but there is no goo p _ 

coincidence is not the correct explanation. This general finding is m ^ 

ment AA'ith the concept of Graham and othera that these tumois gf 

carcinoma.®' ^ Their unpredictable operability is again gases. 

special interest that aa'c found no pure adenocarcinoma in any o 

One case had both adeno and squamous cells in close pioximity 

Avith a phy'sical merging of one into the other (Fig. 4). • v, 1 tumois is 

The finding of a greater number of metastases in the er clinical 

again an indication of failure of early lecognition of the tumor. 
evaluation of mass chest x-ray' examinations Avill ,^^^^^g^gysion has 

less carcinomas in their early jihascs liefore metastasis or direc ex ^ 

taken place. The higher mortality' rate of the treat- 

attributed to late recognition and consequent more or less heroic ggjjgjgtently 
ment. That the peripheral tumors are more malignant oi ara mo^ 
one ty'pe of tumor is a theory' that is not substantiated in oui late 

appears to indicate that the centrally’ located tumor has the OAver £j.Qiuthe 

and the loAver death rate. We believe, Iigaa'ca'ci’, that these fin .^^ggjjggqiiently J'®' 
fact that the central tumor presents sy'mptoms eailier an is place, ami 

moved before sufficient time has elapsed to alloAV metastasis peripheral 

not because the peripheral tumor is more malignant. Ten o ^^g^g.pell type- 
cases Avere of a squamous-cell type and S Avere of the nietas- 

Yet 11 of the 18 metastasized. Out of that 11, 6, or 54.5 pei 



BRONCHIOGENIC C.VRCINOJIA 


II. The Cokrei>ation of Batiiolooic Ch.vractehistics and Cunical 
JIanifestation in Unhesectadee and Unexplored 
P oST-jiORTEM Lung Tuaiors 

OnoRciE M, Bogahduk, JI.I). (by invit.vtion). Kali.rpell, JIont., and WjUJA!! E. 
Adam.s, Jr.l)., AND Frances .T, Phillips, JI.E., Chicago, III. 

G RAHAJI' has omplinsized the need for eontiiiucd .stnd.v of carcinoma of the 
hmp in order to e.xtcnd knoivlcdpc and to improve the rate of cure. A 
Btud.v of tlic resected tumors of the lung has been made in this clinic hy Phillip.s, 
Ba-singer, and Adams.’ As a supplement to the paper by Phillips and associates 
this paper is concerned ivith information obtained from a study of carcinoma of 
the lung which was explored hut found to be nonresectable, and carcinoma of 
the lung not operated upon but found at autopsy. 

AdloF stated that perhaps llorgngni (1682-1772) was the first to publish 
the results of autopsies that might be diagno.scd as eaneerous. Following the 
fundamental discover^’ of Schwann, histology assumed a dominant role in pathol¬ 
ogy. According to Ewnng,' the earliest microscopic studies of lung tumors were 
liy Landhans, llarehiafnva, and Jlalassci. 

From a histologic standpoint, Adler assigned the majority of cases to the 
carcinoma group, and it is probable that present day pathologists would limit 
even further his group of sarcomas in which were tho spindle and round cell 
forms now considored hj' some to be variants of carcinoma." Under carcinoma 
simplex he included aquamous and alveolar types. A second largo group was 
composed of cylindric cells. IIo makes no mention of behavior of the tumor 
'rith respect to the cell type. 

In Table I is shown clinical data pertinent to tlie age, sex, and symptoma¬ 
tology of the explored but nonrcsccted grouj). It is apparent that men outnum¬ 
ber women about 5 to 1. The average ago was 52 years and symptoms of cough, 
"^ight loss, sputum, chest pain, dyspnea, and hemoptysis wore predominant in 
Ibis group. It might bo pertinent to note that tho symptoms commonly associ¬ 
ated with carcinoma of the lung occur in the advanced stages of the disease. 
Without wishing to dLscourage further investigation and attempts at therapy in 
this group, however, there is evidence that thc.se tumors may^ bo detected prior to 
the onset of symptoms by means of fluoroscopy and x-ray examination. This has 
been ably pointed out by Bloch and Tucker" and by’ Adams.' 

Several studies of the cytology and behavior of carcinoma of the lung have 
been made in recent years, for example, Boy’d," Pried," Karsner,'" tVeller," 
Gebaner," and Kolctsky." There has been relatively little emphasis upon the 
eerrclatiou of clinical behavior with the coll types. Notable among tliese at- 
tempts , however, was the work of Kolet.sky’" who concluded that “the histologic 

tha Department of Burjrer^’ of the University of CJiIcaco- 

work woe supported Jn part by a prwnt from Ute IMInola Federation of ■Women's 

tho Twenty-ninth Annual lloetinit of The American Association for Thoracic 
New Orleans. Ivi., March 29-31. 1949. 
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4. Brewer, Lyman A., HI, Jones, Wilfred 2^1. G., and Dollcy, Frank S.: Fonmalimant 

Intrathoracic Lesions Simulating Broncliiogenic Carcinoma, J. THoaAcic Sueg. 
171 439, 1948. 

5. Tuttle, W. IM., and Womack, iN’atlinn A.: Bronchogenic Carcinoma; A Classification 

in Relation to Treatment and Prognosis, J. Thoracic Scro. 4; 125, 1934. 

6. Graham, Evarts A., and Womack, Nathan A.; The Problem of the So-called Bronchial 

Adenoma, J. Thoracic Scro. 14: lOG, 1045. 

7. Graham, Evarts A.: Broncliiogenic Carcinoma, Surg., Gynec. & Obst. 88: 12D-131,1949, 

8. Womack, N. A., and Graham, E. A.: iMixed Tumors of the Lung, Arch. Path. 26: 165, 

1038. 


9. Rabinovitch, Jacob, Hochberg, Lew A., and Lederer, Alax.: Primary (Bronchiogenic) 
Carcinoma of the Lung, J. Thoracic Suro. 9: 332,1940. 

10. Adams, W. E., Steiner, P. E., and Block, R. G.: ihlalignant Adenomma of Lung Car¬ 
cinoma-Like Tumors Witli Long Clinical Course, Surgerj- 11: 503-526, 1942. 


DISCUS.SION 

DR. JEROME HEAD, Chicago.—A great many 3 -enrs ago I had the opportunity of 
studying at the iMayo Clinic cell type and degree of malignancy, and Dr. McCarty, who 
was a good deal of an iconoclast and a tremendously imaginative person, was interested in 
asking why in one individual you have a rapidly groiring tumor and in another individual 
a slowly growing tumor. He was interested in the resistance of the body to carcinoma. 
I think we have a tendency' to approach the carcinoma problem from the wrong angle, 
considering these tumors ns entirely isolated from the host, and ns entirely uninfluenced 
by the host. It is quite conceivable to mo that we all, at one time or another, have many 
carcinomas but that wo are able to overcome them; we have a high resistance to the 
efforts of the cells to become autonomous. Perhaps the logical approach to the carcinoma 
problem is to increase the resistance of people to carcinoma rather than attempt to cure 
the occasional case where the carcinoma gets out of hand. I think, therefore, that m en 
we talk about types of carcinoma, types of cells, grades of carcinoma, rapidity of j 
wo should ask why does this carcinoma grow rapidly in this person, and consider t e os 
ns an important factor in the carcinoma problem. 

DR. F. J. PHILLIPS.—I am very .sorry that Dr. Graham is not here 
paper. It was the stimulation of his studies and interpretation that stimulate r. 
to start this work originally. Wo appreciate Dr. Head’s speculations and 
tainly in the light of what has been said about another typo of carcinoma, a 
there may well be something to the individual’s resistance to the tumor. There ar 
of us who feel somewhat the same way. Why, we do not know specifically. 

Further discussion of the conclusions is not indicated. We hiive section, 

studies as evidence of what may bo found if the entire tumor is stui le m 
and we believe that the sections speak for themselves. 



IKKIaHDUS CT AU: DROXCIIIOUENIC CARCINOAIA 


701 


nnd 4 were niulilTercntintod, while 1 was reported ns n hnsnl coll tumor nnd 1 wns 
n mb:ed form. Tlie renminder hnd been hi-oiiehoseopcd by outside doctors nnd 
their slides were not avnilnblc for .stnd.v. The biopsies removed at tlioiacotomy 
were found to be undifferontinted in 11, nonkerntinizinir souninous in 5, n mixed 
tr'pe In 4, and adenocarcinoma in 1. 


Tabu; If. Patuoukho i’EATUiies or Caiicixoiia or the Limn E.TrumrD Brr Nor nEsrcTEn 


StnieturcB invaded bv tumor 

Hilar nnd n]edia.HiinaI nodea 


10 

Clieat wall 


12 

Aorta 


r, 

Henrt 


5 

Trachea 


o 

Bronchoscopy 

Negative 


20 

Poflitlvo 


lb 

Squamoufl without pearls 

n 


UndUTerentiated 

4 


Outside report 

‘J 


Basal 

J 


Infixed form 

1 


flurglcal pathology 

Undifferentiated 


in 

Squnmooa witlioot pearls 
iUxed 


14 

4 

Adenocarcinoma 


2 

Type of tnmor with respect to location of biopsy 


^iediastinum 

Sqoamoiut without pearls 


n 

UndiiTercntlatefl 


H 

irixod form 


I 

Adenocarcinoma 


2 

Chest wall 

Squamous without pearls 


3 

Undlfferentiatcsl 


7 

Adenocarcinoma 


1 

Ifixod forms 


3 


There is some emdenec to suggest that in this group the undifferentiated 
tumors tended to occur at a greater distance from the hilum. The one adeno¬ 
carcinoma chiefly involved the mediastinum nnd the aorta, while of the mixed 
tJW, one spread mainly to the periphery' nnd one was located chiefly at the 
hilum. The mixed forms (containing both squamous cells and adenocarcinoma) 
are worthy of comment in that they demonstrate that for really reliable diagnosis 
and study, large sections are indispensable. That different portions of Uie same 
tumor reveal strikingly different histologic patterns is well brought out by 
Thillipg and co-workers.' 

This nonrcsected group of cases demonstrate a somewhat different ratio 
“jnong the commonly accepted classifleations of adenocarcinoma, .squamous car- 
ruiOM, and undifferentiated carcinoma. In this group there wns but one adeno- 
Mrcinoma. This is contrarj- to the usually rcimrted frequency of adenocarcinoma 
"^leh ordinarily comprises between one-third and one-fourth of all lung car- 
^omas. It AvUl also be noted that keratinizing squamous tumors were absent. 
The majority of the tumors were either nonkeratiuiziug squamous or undif- 
fercatiated tumors. 
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classification of primary carcinoma of the lung may be correlated with essential 
differences in the growth, dissemination and prognosis of each tumor. The small 
cell carcinoma is a highly malignant tumor which offem a poor prognosis. 
Usually primary at the hilus of the lung, U readily invades the postero-supeiior 
mediastinum and metastasizes extensively, with s])eeial tendency to widespread 
extension through the lymphatic .system. The tumor oeeum in younger peisons, 
and there is a short rapid coui’se without notable remission. The squamous car¬ 
cinoma is slowly growing, locally invasive, and relatively non-metastnshing 
growth accompanied by infection, necrosis and cavity formation. Involvement 
of hnnph nodes other than the regional and tracheobronchial nodes is mfrequent. 
This type of carcinoma, particularly a growth involving the hyparterial bronchi 
of the lower lobe ofCei’s the most favorable prognosis for complete resection. In 
cases of adenocarcinoma surgical intervention is less favorable, since the tumor, 
while locally invasive, shows more frecpient and more extensive hanph node in¬ 
volvement and metastasizes injuriously by way of tbe blood stream.” That this 
opinion is not unanimous at jire-sent is showm by two recent articles in the 
Journal in which there seemed to be disagreement ns to the value of tlie cytologic 
data in estimating prognosis.’^’ 

Taboe I. TintTV-Si.v CAi!ci.vo>fA.s OF Tim Iat.vo E.vo.onEn But Not RnsEcrEn 


Men 

Women 

.A.verfigc age (yr.) 

Symptoms 
(’ough 
Weight lo.ss 
Sputum 
Pnin 
Dyspnea 
Ilemopty.sis 
Anorexia 
Fever 

Night sweats 

Average of longc.st symptom (mo.) 

_Average weigli t loss (nio.) _ 

Adams‘S reported that “the cell type of carcinoma found by 
e.xamination is the most important single consideration in estnnatmn o 
after a resection. If the growth is undifferentiated or oat-cell '^vell 

less than a year of life may be expected. Of 15 patients nov ^ gud 1 
beyond one year, 12 had epidermoid carcinoma, 2 had report of 

undifferentiated carcinoma.” In contrast with this statement is i,ciir 

Neuhof and Aufses^'^ that “the microscopic features of cancel o 
no significant relation to the ultimate prognosis. ’ ’ oronp 

Table II summarizes some of the pathologic information into 

nonresected cases. It will be seen that the majority of t lese vadeb- 

two gi’oups, the undifferentiated, and the nonkeratinizing oiie 

A much smaller group is composed of mixed foms containing ^ may 

cell type, for example, both adenocarcinoma and sqiw’”®"’^ 

be present. Of the bronchoscopic specimens, 9 were non era 
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There were 36 autopsicd but not explored patients ■n-itli carcmoma of the 
long. The average age of this group was 56 yeais, and 29 of the 36 were men. 
The correct diagnosis was made in onc-half of tlie eases prior to autopsy. About 






• • -i - Ai> / W^l 

p- ^ '-‘P .. ' 

."l 

B. 

£1^ ^•“■X.ray therapr had be«n «Iven without a proved dla^nosb^ A, X-ray appear- 
hjberctUouj^aca^^' JET, mfcroacoplo appearance ot the adenocarcinoma which aroeo Jn an old 
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remote metastnses. Briefly, tlio specific sites for spread of the tumor, in those 
correctly diagnosed, were: i)leura, 10; chest «nll. 5; tlie brain in 2, and the 
mandible in 1. 



c. 


Itij cell tjTKjs In the sanje tumor, A in 

OStt “nO B l> nn unOirTorcntluted motnntnrin. 

me preceding ca»c. 


from tho prin«io' »lto. 

C, X-rn>' apr>cnmneo of the 
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tJie same ratio lield true in Koletsky’s scries of 300, the correct diagnosis having 
been made ante-mortem in 56 of the cases. All of oiir 18 diagnosed cases were 
unsuitable for operation because of extensive pleural spread, or because of more 
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PATIIOLOaV 

Of tbo 36 aiUopst(?<i carcinoinns, J5 were odciiociircmonia, 14 wei'e undif¬ 
ferentiated, 6 were squnmous, nnd 1 was n combination of ndcnocai-ciiioma and 
nonkeratiniring squnnioas. The rclationsliij) between cell t\T)e, site of origin, 
and the tendency to either predommnufly niedinstinal invasion or widespread 
metastases is shown in Table V. It wll be seen that in this i*ather small group 
the squamous variety tended to ocenr nearer the hilum whereas the more periph¬ 
eral group was largely odenoenremomas or undifferentiated tumors. There is 
a tendency in this group for tlm pcnphcrallj* located undifferentiated tumois 
and for the adcnocarcinonins to mctaslasise wndely, wliereas the centrally located 
squamous variety tend to invade locally nnd have n limited tendency to metas¬ 
tasize outside the clicst. This impre.ssion confonn.s to previous re 2 X)rts by 
Ifoletskj'” and Gebnuer.’* 


Table V. Tmary-Six Cahcikomab ik the Ai Ttu'Kv File Xot Opeelvtep 



PEnil'lICJaL 

CRNTPAL 

L'.VCEKTAIN 

Adenocartsinornaa IS 

V 

i 

•> 

Dnaiffercntlotetl 14 

a 

7 

1 

8<^ttamoQ8 G 1 

1 (jiecofulan* bronrliua) 

4 

1 

Uideipread extrathoracic nietaalaaca In J8 

Adenocarcinoma 

G 

;{ 


TJndilTerentlated 

Sqnamoua 


1 


i-xtenatve mediaitinal inroad In 11 

Adenocarcinoma 

2 

] 


Undifferentiated 

2 

0 


Squamous 

I 

3 



Some of the microscopic features may be discussed. There were three chief 
groups, as indicated above, adenocarcinoma, squamous-cell carcinoma, and the 
^differentiated. Occasionally, bizarre forms are seen and not infrequently 
tumors composed of both adenocarcinomas and noukeratinizing squamoivs tumors 
are found. The histologj' of the adenocarcinomas consists of abnormal acinous 
formation by irregular lai^e or small columnar cells. Tlie individual cells varj' 
their degree of differentiations, but usually present no problem in recognition. 
Mucous production is not a constant feature. 

The squamous tumors are composed of either the keratinizing or nonkern- 
tmizing group. The former is I'cadily recognized by the flat sheets of polygonal 
^8, and tho tendoncj’ to pearl formation. Prickle-cell formations are sometimes 
yw»gnizable. The nonkeratinizing group is made up of laige sheets of i>oly- 
edral cells, at times showing prickle formation, and no tendency to acinous 

development. 

The third large group is the undifferentiated or "oat-cell” tumor. These 
Proliably were mistaken in earlier days for sarcoma. The cells are spindle or 
shaped^ growing often in bundles and haring a somewhat sarcomatous 
app^rance. Ochsner® has commented on the diffei-ent types which the relatively 
^differentiated tumors may assume. HLs recent article contained excellent 
^lustrations of these forms. A smaller group makes up a list of bizmrrc tumois 
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In the group of 18 diagnosed as primnry Jung lumoi-s, tlie average age was 
56 yeai-s, and 14 of the 18 ivere men. Nearly all of these patients had symptoms 
referable to the chest such as eougli, chest pain, sputum, or dyspnea. Weight 
loss was also an important finding. The average duration of symptoms with 
respect to tumor liistologA^ ivas ns follows: adenocarcinomas, eight mouths; 
squamous, four months; and the 1 mixed type had produced symptoms fori 
month. 

Bronchoscojiy was used in only 6 of these cases. In one, the examination 
was inconclusive. In 3, there was gross evidence of tumor, but no microscopic 
sections were made. Two of the 6 Jiad microscopic sections; 1 of these showed 
squamous cells and the other was nndilTerentiated. The one which bronchoscopy 
reported as a squamous tumor really was undifferentiated according to the 
autop.sy findings. Tlie other ease, that of B. H., had a bronchoseopic report 
of squamou!?-cell carcinoma of bronchus and was, at autopsy a squamous tumor. 

Biopsies arc frequently useful and may he obtained from various area.s. 
Table III compares the re.sult of biopsy in these cases with the autopsy findings. 


Table IU. A Co.vcAiasoK of Sukoicai. Biopsies AVmr Autopsy Diagnoses to Ictioatx the 
Yabiaiiilitv of the Cell Type in the Same Patient 


SITE _ 

Cerviciil nodes 
Manditde 
Larynx 
Oie.af, mill 
Ilium 


biopsy liEPOItT 
Squamous 
Squamous 
Squamous 
UndifTerontiated 
UnditTorenfiated 


autopsy mow 

AdenocaTcinomfl 

JILxed 

Squamous _ 

Adenocarcinoma 

Undifferentiated 


It is apparent that not. too much confidence can be placed in the histoogic 
report of the hiopsied spooimen.s. i\Iany times, liowever, a careful p 
examination ivill reveal nodes or lumps wliicli can be hiopsied. 
carcinoma, such information is Iielpful in establishing a diagnosis. T le 
have obtained positive biopsies from such places as the posterioi e es 
axilla, lateral chest wall, skull, extremities, cervical nodes, and maxil a. 


Table IAL Tiif, Lohab Dlstkibution of These Tumors Was as Fom-ous 


Bight upper lobe 
Bight main bronchus 
Right lower lobe 
Middle lobe 


Left upper lobe 
Left lower lobo 
Undetermined 
Left main branches 


Eighteen of the autojusy gronj) were inidiagnosed prioi to ' ^jiggascs. 
these were tiny incidental tumoi-s occurring diiidng the course o o 
Of the remainiug 14, the clinical manifestations were caused by t e r 
tumor, but were misinterpreted. Six of the 14 undiagnosed tuino ^j^gnosis 
autopsies on patients from outside institutions. The eight tuber- 

at this ho.spital consisted of mistaking the lesion for aneuijsin, yudiagaosed 

eulosis, lung abscess, and brain tumor. The histology' squamous 3. 

group was as follows: uudifferentiated 8, adenocarcinoma L 
Pour of this group were w'omen. The average age of the 18 was 
lobar distribution of these tumoi’s is seen in Table TV. 


TUB MANAOKJIKNT OF CTIYLOTHORAX 
Richard H. JIe.\de, .Tr., Jf-D., Oraxd Rapids, llicir., Jerojie R. Head, JI.D., 
Chicago, III., and (dy inahtation) Che-ster W. IIorn, JI.D., Bosto.v, Mass. 


T he maiingement of ch.vlotliorax was nminly a subject of acudomic interest 
until Lanipson,“ in lf)4G, demonstrated that the eonditinn eould be cured Iiy 
ligation of the thoracic duct in the lower chest. Prinr to tlii.s, only fift.v-eipht 


cases of traumatic ch.vlothorax had liecn reporfeel. and fewer reports of ch.vlo- 
thorax due to other causes had apiieaiTid in the literature. According to Zesas,” 
the first description of a ca.se of traumatic chylothora.x was made by Bartolet in 
1633. As about one-half of the eases of chylothorax have been a.ssoeiatcd with 
fatal diseases, and a.s the.v are rare, there has been little enthusiasm for woi'king 
out a satisfactory method of treatment. However, the other one-half of the 
cases of ch.vlothorax arc caused b.v direct or iinlireet violence, or b.v injurj' 
(luring an intrathoraeic ojicration. That it nia.v occur folloiving seemingly 
trinal trauma has also been known for a long time. The mortality from 
ch.vlothorax, from all causes, ha-s been put at GO per cent b.v man.v writers. Re¬ 
cently such excellent presentations of the subject have been publishetl b.v Lamp- 
*on,‘ b.v Baldridge and Ijewis,' and b.v Ilodge and Bridges,* that any further 
survc.v of the whole subject would be sujierfluous. However, it is worth W'hile 
to diwuss further the subject of treatment, and to pre-sent three new cases in 
which different forms of treatment were successfully ased. 


Soon after lAsmp.son submittcsl his article on tnunnutie ch.vlothorax cured 
t>y ligation of the thoiacie duct for the 1947 program of The American Associa¬ 
tion for Thoracic Surgery, we were asked to see a patient with ch.vlothorax. 
She was 24 years of ago, and had fallen down cellar step.s, irithout apparent in- 
jurj', three months before developing .s.vmptoms of pleuial effusion. After nine 
weeks of stud.v for a possible caaso for cli.vlothorn-x, which included a test of 
^-ray therap.v, it was decided that it was due to tlie fall. I’rotein balance was 
maintained b.v means of a high protein diet and repented infasions of pln.sma, 
and the pleural cavity was frccpiently emptied of its chyle. She was operated 
npon, and the thoracic duct was ligated ju.st above the diaphragm. Altliongh 
Ihe approach to the duct was not as easy as described b.v Immpson, prompt 
^'■eiy made this method of treatment scorn to be the logical one (Fip. 1, 
"Od 3). A short wliilc after this patient was di.schnrgcd from the hospital 
•nother patient, a woman 58 yeni-s of age, with chylothorax. was referred to us. 
*yter another e.xbaustive studv to rule out a suspected malignanc.v, and after 
f^Peated aspirations of the chvlc and partial replacement of the lost protein by 
Pl«ma infusions, she was operated upon. At this oi.erat.on a section of the 
'horacic duct was supposedly resected a .short distance above the diaphragm 
O” histologic examination it was seen to be splnnohnic nerve. 

St me T^enti-nlnu, Annual AlcUna -r Tlw Anu-rienn .l«,wlatlon lor Thomde 
Orieaiu. La., llrirch 20-31. * 
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containing the so-called adenoma, which we believe to be malignant. Phillips’ 
emphasized that mixed forms having more than one cell type may occur in the 
same tumor. Representative .slides along with the roentgenograms of some of 
the various tumors are sho'wm in Pig. 1. 

Of the 36 autopsied, but not explored, lung careinoma.s, 15 were adeno¬ 
carcinomas, 14 were undifferentiated, 6 were squamous, and 1 was a mixed form. 
Four of the 6 squamous carcinomas were kcratinizuig while 2 were iionkera- 
tinizing. In the.se ea.ses, the adenocarcinomas and the undiffei-entiated, or “oat- 
cell” tumor's, tended to lie toward the periphery and spread not only to medi¬ 
astinal structures, but also to distant organs via the blood .stream. The .squamous 
vanety tended to occupy a more central location and .spi'cad chiefly through 
adjacent media.stinal structures. 


summary 

The pathologic ty])e and the clinical behavior of explored but nonresected 
lung carcinomas, and the lung carcinomas which came to autopsy without ex¬ 
ploration have been compared with a group of resected tnmoi's of the lung. It 
is our im])i'e.s.sion that such a study sheds some light on the beharuor of these 
tumor's. AVc feel that, there is some correlation of cell types with clinical course. 
Of course, any far-advanced tumor' will be inopci’able. Tire tumors wJiich 
to be less amenable to sui'gical therapy are lar'gely the poorly differential 
ones and the adenocarcinomas. This impression is derived from the fact t a 
the autopsied and the explored but not resected timioi's wei'c compose o 
undifferentiated tunrors, 17 adenocarcinomas, 16 nonkeratinizing squamous, ^ 
keratinizing squamous, and 5 mixed fonns containing more than one a .vpe 
In contrast to this, Phillips and associates- found tliat all of their resect tumo 
were squamous cell in part oi' entirety. 
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With this information, and Arifli tlie npiicuraiicc of chyle in tlic opposite pleural 
canty, she wa.s operated upon apain in an effort to ligate the leaking duct. In 
the history it had been Icarnod that she liad fallen down some .steps six montlia 
previously without ap])nrontly being hurt. Bccau.se of our first case we thought 
that this fall was the etiological factor in litis ease. At the first operation noth¬ 
ing abnormal could Itc found except the chyle in the pleural cavity. The second 
operation was done through the same right side because it wn.s thought that the 
leak was on tliis side but that the chyle had not Irocn able to re-enter this pleural 
cavity as a result of its obliteintion by jmstoperativo adherence of the pleural 
surfaces. Closed drainage of the right idctiml cavity had been maintained for 
two dn\'s after the operation. At the second operation it was seen that all of the 
pleural space had Irccn obliterated by the rc-expnndcd lung. An eggnog had 
liccn given to the patient two hours before the operation in order to make the 
thoracic duct more prominent.. After an exhnu.stivc scni'ch, chyle was .seen 
leaking from a small duct. This veasel was ligated, but it was obviously not the 
niily channel through which the chyle was flowing. After further search failed 
to reveal another duct, the .space between the vertebral column and the 
diaphragm was itaekcd with O.xyccl gauze in hope of blocking any other path- 
7110 chest was clased with the usual provision for closed drainage. Be- 
e.xpaiision of the lung again occurred promptly but chyle reappeared in the left 
pleural catity. This chyle was aspirated at frcciuent intcnals without any 
effect on its rate of fonnation. Accortlingly, closed drainage of the left pleural 
eatuty was established, and within .seven da.vs there was no further leakage of 
ehylo. She was discharged front the ho.sjtital, and for three months got along 
"■ell. She then developed a severe and cxtcn.sivo dennatitis, which failed to 
tea])ond to treatment at homo so that .she was readmitted to the hospital. The 
Inst roentgenogram of the chest had shown a shadow in the region of the fl.s.sure 
hetween the middle and lower lobes and it was thought that she might have 
some fluid in connection with the disease causing the dermatitis. Two da.vs 
after entering the hospital she developed jaundice and died within twelve hours 
nf a fulminating hepatitis. At autop.sy a prolonged search failed to reveal any 
trace of a thoracic duet. Thcro was a small amount of chyle in each pleural 
ravity and in the pcricanlium. An extensive flat growth of ti.ssuc was found in 
the retroperitoneal .space and in the posterior mediastinum. This proved to be 
l.'Taphosarcoma and was found to involve the lungs, the liver, and many other 
parts of the Iwdy, It was considered to l>e the cause of the ehylothorax. The 
liapatitis was thought to Im duo to the large quantity of plasma which she had 
received four montlis previously (Figs. 4, 6, 6, and 7). 

third case of ehylotliorax was seen the next year. This patient was 54 
of age. He was Imowii to have an extensive lympliosarcoma involvbig the 
Mediastinum and npparontly causing the cliylothornx. At first, lie was treated 
^peated aspirations of die chyle hut Ihese were of uo avail and closed suction 
drmnnge was then established. The lung re-expanded and the chyle stopped 
'"Stimulating. He continued the doAvnhiU course and died as a result of the 
'™phosarcoma. 
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infiltrnfion of the root of the Iumr \Wth the eliyle innde it impo.s.sil)Ie to secure 
full re-e-YpniisioM of the lunf; nt the time of the operntioii. Pull re-expnnsion of 
the lower two-third.s of the Iuiir occurred in ii few dnys nfter the opei-ntiou 
with the (lid of clased dminnpe. The npex did not fully re-cxpiind for another 
two months. Tin's cnuscil no symptoms (ind she was discharged from the 
hospital three weeks after the o])eration. The importance of keeping the lung 
expanded hy frequent aspiration of the chyle is olndoua, but, as in our case, it 
may he impassible. The failure to keep the lung expanded is further reason 
forsiieed in stopping the leak of the ehjde. 

Death from chylothonix, unle.ss the condition is unrecognized and allowed 
to cause asphyxia, is due to the jirogressive loss of the fluid, protein, and fat. 
As chyle is haeferiostatie, we know of no instanees in which infection of the 
ehyle has caused death. Defore it was demonstrated that the escape of the 
chyle could he stoiiped by operation or by closed drainage of the pleural 
cavity, the importance of replacement of the protein and fat lost in the chyle 


was great. It Is still an important problem. The idea of returning the chyle 
to the blood stream after its aspiration from the pleural cavity was an 
obvious one since it is a fluid that normally flows into the blood stream, and 
It apparently undergoes little change while standing in the pleural cavity. 
Since this proccelurc was first reported by Oeken,' in 1908, it has been used 
ni a number of instances with varj-ing results. Its use without mishap by 
bittle, Harrison, and Blalock," in which they returned 22 liters of chyle to a 
patient, was reported in 1942, Others have reported the same results but 
there have been reports of sudden death following this procedure in two 
patients. The one reported by Whitcomb and Seovillc” came on suddenly 
after the slow infusion of a small amount of refrigerated, eitmteel chyle. 
It was anaphylactic in character. In the other case, reported by Peet and 
Campbell,’ diiath was .sudden in occurrence and no cause for it could be found. 
It Was suggested by Whitcomb and Scoville” that the patients who are to re¬ 
ceive uifnsions of chyle should first be skin tested vrith the chyle to determine 


a possible scnsitivdty. This seems unnecessary, as one could hardly be sensi- 
hve to a natural body fluid which under normal conditions is constantly 
owing into the blood stream. These authors also suggest that the fat droplets 
III the chyle be measured, and if found to be of greater diameter than 3 micra, 
e chyle should not ho used. If coalescence of the droplets caii occur in 
either the pleural cavity, or outside, this would seem to be a wise precaution. 

view of the successful, reiieated intravenous infusions of freshly aspirated 
'lie ill the case reported by Little, Harrison, and Blalock,' this method would 
*cem to be the best and the least likelj’ to give rise to trouble. However, in 
™aie cases there will be precipitation of flbiin, and the fibrin may form 


"Ee masses. The injection of such fluid into the blood stream could certainly 
disturbances. Therefore, it would seem jireferable to administer the 
thV fl'tration, but as soon as possible after aspiratiom It is our belief 
foil further e.xperimental work has been done on the causes of reaction 
“"Tng the infusion of chyle, it should not be used. 
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when she fell clown the steps. The delay in the appearance of symptoms could 
be explained as in the first case, only that in this one there was no extensive 
infiltration of the mediastiinnn, and no outlet througli the pleura was seen. 

In the third patient there was no operation and no autopsy. The patient 
was known to have an extensive lynijihosai’coina involving the mediastinum. 
The clinical and roentgenographic findings were characteristic and these had 
been substantiated by biopsy of a cervical lyni])h gland. It has frequently 
been mentioned in the literature that chylothorax develops as a result of 
l)lockage of the thoracic duct by tumor or by enlarged lymph glands. That 
such blockage can produce chylothorax seems unlikely in view of the experi¬ 
mental work of Blalock and associate.s," who had no success in producing 
chylothorax in dogs by lilocking all available thoracic ducts. It would seem 
that it would be nece.ssary for the tumor actually to invade the duct, or to fix 
it so that it could later be ruptured by some sudden movement of the spine, or 


by .sudden increase in intraductal pre.s.sure. 

Experimentally and clinically, it has been noted that follovring the rup¬ 
ture or ligation of the thoracic duct there is a strildng drop in numhei, or 
complete disappearance, of the lymjdioej’tes and eosinophils in the circulating 
blood. As the Ixnnphocytes are known to lie carried through the thoracic cue 
to the blood .stream, it is not remarkable that there .should he an e ec o 
their numbers by disturbances of the duct. Why the eosinophils aie ® 
is not known, but their disapiiearance is of little diagnostic impoitance si 
they are usually present in such small numbers that their v.g. 

be noted. The marked droji in the lymphocyte eount can he o 
nostie value, especially in accident cases when there is a chest . 

evidence of injury to the thoracic duct. If there is gj in 

])loration in such a case, and the lymphocytes are inaikec ) 
number, a search should be made for free chyle, and the 3^744 

if chyle is found. In our first case the lymphocytes had cioppec 
per c.mm. on admission to the ho.spital, to 540 six days hefoie inter 

days after operation there were no lymphocytes in the llooc. hospitfll 

there were 386 ])er e.miii. and just before her discharge , picture 

eleven days later, there were 1,443. Within the ne.xt monti ^gg,,g at 

had returned to normal. In the other two patients the JORP Jj^j|j,ggs ^vere 
a low level during the time the chylothorax was present, m ^ 
not as striking as in the ease in which the duct was tied. ^ leakage 

The local effect of chyle on the pleura is of im])Oitance v ee.suhsi'' 

is not promptly stopped. It causes an inflammatory on >1* 

thickening of the pleura with a loss in its elasticity anc j^jnsses of ''ah'’' 
surface of a layer of exudate. Fibrin may be precipitatec 1 
ing size and add to the thickness of the coating on t le i gjjscoveiy of 
patient, who was not operated on until nine weeks aftei all until 

chylothorax, the lung was collapsed and could not e jj_^lgl5i,e(l “P*’®* 
a tedious decortication had been com])leted. There g„^pyenia. ^1 

as found in chronic hemothorax or in most cases of c , nlenui- 

4- -F fViP tl’llG j 

necessary to remove a considerable amount oi 
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longer tliaii two weeks should he nllowod for lliis second stage of treatment 
since the danger of encapsulation of tlie collapsed lung is real. Allien opera¬ 
tion is decided upon wo feel that the object should be simple ligation of the 
dnct at its lowest accessible point, with resection of a small segment for 
histologic veritleation of the stnieturc, and for determination of any pathologic 
processes in the duet. There is no evidcnec, of which we are aware, that sinijilo 



Urht courso of the thomcic duct In the chcjt Thu cloeo proximltj- of tho 

to the duct Ja well ahon'n. (MckIIAM from Flff. 819, In "An AtJaa of 
”> oy J. O. Bollenu Qront, Baltimore. 1911, IVllUania A WUkIna Company.) 


Ration of the duct is not stifflcient to stop pcnuanently the flow of chyle, 
e leakage of chyle from the duct after the closure of its diidded ends by 
'■er clips, reported by AA'hitoomh and Scoville,” is no condemnation of 
^tion of the duet, but only of this method of closure. Hodge and Bridges' 
c recently advocatetl the anastomosis of the severed thoracic duet and the 
^Bos vein, because they fee] that simple ligation may he followed liy 
aaliiation of the duct, and further leakage. AA'e do not believe there is 
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It seems much wiser to prevent depletion than to combat it. A liigh 
protein diet and intravenous infusions of amino acids, and an occasional blood 
transfusion may be used temporarily. Plasma should not be used. It may, 
as it did in our second ease, produce a fatal hepatitis. To prevent malnutri¬ 
tion and to forestall a thickened pleura and permanent collapse of the lung, 
closed suction drainage or ligation of the thoracic duct should be undertaken 
early if aspiration is inelfectual. 

The thoracic duet is not always the single, well-defined structure that is 
pictured in standai-d anatomic works. This was forcibly draum to our at¬ 
tention during the course of the two operations on our second patient. It 
always enters the chest thi-ough the aortic hiatus of the diaphragm and almost 
invariably ascends bet ween the azygos vein and the aorta, on the anterior sur¬ 
face of the vertebrae. However, there are variations. Stuart,® in 1907, re¬ 
ported that in his dissections the Auiriations were more frequent than the sup- 
po.sed normal arrangement and that the statement that the thoracic duet was a 
single channel throughout the chest was misleading. Pavi.s,® in 1915, described 
nine ty]ies of thoracic duct found in dissecting twenty-two cadavem. How¬ 
ever’, more recent studies do not confirm these earlier ones. Baldridge and 
Lewis,^ in a study of twenty bodies, found a single thoi’acie duct in each. 
Van Pez’nis,^® in careful .studies of 1,0S1 bodies at autopsy, found a greatuui- 
foi’inity except in the small bi’anehes of the upper portion. One of us (C. 
i\r.L Avoi’king in the depai'tment of anatomy at Northwestern Uuirersity 
iMedical School, studied the thoracic duct ari’angcment in 135 eadareis. n 
78 pei’ cent thei’c was a single duct. In 17 ])er cent ther’e was a short, singe 
duct which divided into two, which united either below or above t e m 
phi’agm. In o jrer cent there was a single duct which divided into ^ 
which I’an through the chest. From all of these studies it is apparent ® 
chance of encountering real diffrculty in finding the tboi'acic duct in t e 
part of the che.st should be extr-emcly rar’c (Figs. 8 and 9). 

Ha^^ng considered the various factor’s irrvolved in 
plan for’ the management of .such cases can now be outlined. simple 

that one-half of the r-ecorded cases of chylothor’ax have recovers a^ [,e 
aspiration of the chyle, with or vlthout replacement of the 
wrong to advocate a more r-adieal measure as the first control 

Except in those eases in which chest explor’ation must be done should 

of an associated le.sion, the immediate ligation of the thoracic 
not be considered. Fir’st, aspii’ation of the chest should j„ tlie 

intervals. This should be continued if there is evidence o c ^nthin 

amount of chyle leakage. If not, closed drainage should suction 

ten day^s to two weeks. Whether or not there should ® i-emoved. 
applied would seem to depend on the ease with which the ur gPon. 
In our first case, in which closed drainage was useci, 

In the second one there was, not because of any special in ica ’ ^jng the 
the operator considered this to be the quicker method o pf the 

desired result. If suction di-ainage fails to bring about le^^x jjg 

lung, and cessation of the chyle leakage, then operation mi 
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to breathe freely. The patients nutrition mm goinpf do^m very fast. For the preceding 
reasons an e.Tplomtion ^vnfl done, na hns been Bho\m by Dr. Meade, through the right side 
of the cheat ^Vo idcntif!c<l the atructuren in the region, namely, tho axj'goua vein, the 
fjTDpathetica, and the nortn, expecting to find some difficulty in identifying the thomcio 
duct However, in tho region whore tho thomclc duct should bo there was n structure about 
ai big as ray index finger. In following this structure we found that it thinned do^^^ to the 
sIm of tho normal thoracic duct, just bolow the hilus. I sent a specimen for froten section. 
It was reported ns being inflammatory. Tho report was erroneous, however, because it subso- 
qusnllj proved to 1)0 Hodgkins’ dlsoime. However, on tho basis that it was inflammatory, 
I resected tho tlioraclo duct and oiH'nctl the diaphragm and resected part of the cisternn chyll. 
There was some leaking of the lymph vessels, the collalcmls were picked up and ligated os 
cell as possible, then some Qclfoam was placed where the duct had bean resectetl. The chest 
was drained, by under wnter seal drninage, there was very little chyle from the rigJit side 
of the chest. Tho left side had to be ospimted twice, then tho chyle stopped for min g. Tho 
patient's nutrition \vns vorj' poor for the first Ion days but, following tJiat, he picked up and 
gained in weight and is fooling wry well at tJie present time. It is about three and one-lmlf 
niontlis slnro the operation. 

This ease it seems to mo brings out two points; the thoracic duct can be resocte<l suc¬ 
cessfully In the right lower chest. In bilntem) chylothomx, if the approach Is mode on the 
right side, ligating the thoracic duct at Its origin will stop formation of chyle on the loft side. 


DR. "WIIXIAM R HUMKL, Salt Lake City.—I wouM like to present another case of 
traninatla chylotliorrix whieh was treated aucccesfully by surg»‘ry. In evaluating the results 
of surgical treatment It Is very Important to dilTerentiate between rases of true traumatic 
chylothornx and tho cases mention^ by Dr. Tlarpcr and Dr. Meade, where there is other 
wioos aisociated disease. It secnis to mo that the proldcra in tho two types is entirely dif¬ 
ferent. 


This COSO concerned a 5-yenr-ohl white boy who was [flaying with a pocket knife on 
July 0, 1&47. Ho fell forward in such a manner that the 2^4 inch blade entered the base 
of the neck just alwvo tho inner end of tho left clavicle opproxiinatoly between the two 
heads of the sfernocleldonjostold mu-vle. TJicro n-as very little bleeding and after the mother 
applied an antiseptic dressing ho continued to play. For four days ho was asymptomatic but 
nt that time developed a dry imeking cough and dyspnea. The family phj'sicinn found evi¬ 
dence of a left hydrothorax. Tlie s^mptoara were relieved by thorncontesis for another five 
dsy*. At this time thomeontesis had to be roi>cated, with removal of 600 c.c. of milky fluid, 
i^ase of the appearance of tho fluid he suspected tho possibility of chylotlionuc nud called 
^ On the phone. I suggested that he send the child in for further treatment, little realiring 
*hat 1 three days that the surgery which I had In mind was 

^*®®^ted with 100 per cent mortality, according to tho IJtoraturo. Had I been a little better 
nformed on tho sul>jeet, I prolrably would have sent him to my nearest competitor. At any 
ho arrived at the hospital. He a-as modorotoly ill, with a temperature of 102" F., a pulse 
® about IflO, and a respiratory rate of 40 ^v^th a moderate degree of dyspnea. Thoracentesis 
“pun revealed milk)* fluid whidi, on subsequent examination, was proved to be chyle. 

He was placed on the generally recommended medical tliornpeutlc regime for a period 
welve days daring which time tho condition doteriorated progressively; so that It ^vns 
Pparent that something further would liave to bo done. Operation was decided upon, ol- 


^Wh with 
to find 


a great deal of fear and trepidation, because during that time I avbs still imable 


^ u a record of a single case that had been treated successfully by surgeiy. Somehow 
^ ^rlooked the report of Dr. Balph H, Loo from Seattle, who had reported a similar case 
^ months previously, Ou July 31, 1947, 22 days after the Injury, and about one and 
after ad^nlstmtion of milk and cream, he u-as ancsthotitod and an approach 
^ough the left supraclavicular area. 1 was delighted on finding the duct wltliout diffl- 
ohoi some of its ramifications, and was able to follow it down for a distance of 

^ two inches below the suprasternal notch. At tliis point it disappeared into a mass of 
It was possible to dissect down In front of and behind this tissue and while it 
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DISCUS.SIO.N' 

DR. .T. GORDON RCANNELD, Boston.—A recent case of intmclablc chylothomx whH 
we had at Massachusetts Gcncnil Hospital may be apropos of Dr. Meade’s excellent revien- 
of tins sul)ject. Unfortunately, our combined efforts were not attended by the same sncrtss 
wliicli ho has had. 

The patient was a 2G-year-okl man whose initial complaint was eleplinntinsis, but who, 
shortly after admission, was shown to Imve n right chjdothorax and a chylous pericardial 
effusion. The former failed to sub.sidc with repented a.spimtions. There was no history of 
trauma, nor were we able to establish a diagnosis of either tuberculosis or tumor. It was of 
great interest, however, that his half-brother had died at the same age, 26 years, of a chylous 
ascites associated with elephantiasis with dependent edema. In the course of ho.spitalizntwn, 
massive amounts of chyle were removed from the chest without improvement (slides), x 
plonition was therefore advised and carried out. At the time of this first exploration 
condition on the table was very poor, but the operator. Dr. Soutler, was able to ip 
thoracic duct at about the level of the ninth dorsal vertebrae as ucll as drain the pn 
into the right pleural cavity. There was no evidence of a primary cause o t ic 
his condition on the fable precluded further search. Immediately following "" f 
ho did remarkably well so far ns general cardiovascular state was concerne ; 
accumulation of chyle continued, in fact rather increased, no\N in both ^[jji 5 
the course of the next six weeks he became a serious nutritional problem ns r. 
indicated is likely to ha[)pen—and wo felt that another attempt to s op le > jgyjnt 
knowing where the leak was, was in order. Our thought was that ]) 0 ssi i y ^ 
the flow of chyle by re.^cction of the duct or the cisterna chyli ‘ .L jbest and 

obliteration of the tract by suture. Therefore, ho was re-explored t irougi ^i^^ 
an operiitivo shetch of the procedure is shown (slide). In this case tic ng ,. vein 

resected; the lower thonicie duct was jiicked up lying between the nor a an 
and followed down through the diaphragm by dividing the right crus o ligated, and 

pletcly. The upper one-half of the cislornii was resected, all entering very 

the bed of tlie duct obliterated. For a matter of two weeks the pa about 

little chyle in the chest, but thou reverted to the former condiion. c su ) j of tbe 

six weeks later. At autopsy he had a queer type of fibrosis involving spaces, 

lower extremities and a generalized fibrosis of the rctropcritonca am^ gv,rprising that the 
In view of the genenilized condition of the lymphatic system, it is no^^ course of the 
specific surgical attack on one of the collecting systems failed to arre 
disease. _ D,. cimreld"''' 

As an addendum, I might mention that in studying tliis patient,^ ^ possibly'he 
istion that we might try to visualize tlic thoracic duct in the nnii .„olorcd through 


suggestion that we miglit try to visualize tlic thoracic iiuci m i— .- explored 

patient with radiopaque dye. This was done in a dog. The diyli which iru® 

a left lumbar incision and a small polyethylene tube was put in t ic ^ to u Idtk 

distended by a previously eaten fat meal. The end of the „.pre infected !»•“ 


cent Diodrast were mje 


This 


capsule beneath the skin. The following day 10 c.c. of 35 per cem (slide) 

the capsule and excellent x-ray visualization of the thoracic duct weeks later iru 

was repeated one week later and showed no gross damage to the 


repeated one week later and showed no gross 
were able to aspirate chyle from this sampling system 


ort 


this splendid repor 

DR. F. R. HARPER, Denver.—I should like to add one caso^^ l,i|ntera 

of Dr. Meade’s and the otlier discu.'isors. The patient was a on uith 

chylothornx x\-ith collection of tremendous amounts of chyle. © jj, neces^ 

for about two months, after which time tlie chyle was forming so j,]]ow fh® 

to aspirate ns much as 1,400 c.c. on each side every second day m 
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thorax if prwp<‘ratire thoracrntcfis ?hoMrit tho loft lonp to 1*0 rO'Oxpnniliblc. IJoiMltirution of 
iD of tho dact broncho* aiDnld be more certnln and safer than ntlemptinp to ioimobillro the 
■Orta to reach the doct from tho loft thorax. 

DR. AHTHTIR 8. W. TOUROFF, York.—I would like to add a report of two 

■dditional cases of traumatic chvlothnrox to the enso* ulroady roportCHl. I remember very 
well, as a house officer more than 20 yenra iiro, a patient who Iia«l had the left side of the 
neck pxploreil by one of our senior snrjp^ns. Operation ans follouiM pn.)tnptly by leakape of 
milky fluid from the wound. The condition of the pnllent slnv\lv deter’.oiatiHl and he ditNl 
of inanition in a period of npproxiinatoly four wei'ks. From tlmt time uTitil World Wnr IT. 
I did not see another cose of injury of the thoracic diicf. While ovt*rse.is In lIM-l, I hnd m*- 
cailoa to ol>seiTe a patient who hnd susininotl a perfomtinp oounii of the left iiiterscnpular 
region, th® site of exit of the ndsslle l»elnp In the suprasterjial noteli. Hy some mlrnele, tlu* 
patient hnd escaped injury to the trachea and great FAeepi for the fact that ho 

inj Interuely dyspnoic and ejiinotie, he liad no eoniplainfs. X-my exnmbiatinn nwenliNl n 
deaso shadow in the left chest; and, at liis l^edaiile there was u ti*st-tulie tilled with fluid which 
assumed to bo pus. The patient, stmnpely enouph, hud no fi'ver. Aer«jrilinply, It seemcil 
ohrious that ho mis not sutTcrinp from enipvemn. Forthermon’, ns the fluid mis enrefully 
olwiTcd, its chylous nature was obrolus. 

Because of tho severe dyspnea and cimnosis, the loft i-liest oas iisplrnttNl and approx* 
Imately -1,000 0 . 0 . of chylous fluid removed. This uas follounl by prompt dlsapi)enrntir«* 
of dyspnea and cjwnosls, I did not know whether anyone hiui ever iitlminisfereil eliylfi intro- 
tcnowly liefore; an«l, rcracmlherinp the patient of 20 iiairv iipo oho had dioil of inanition, 
f<lt that we slionld attempt to pive this jmllent Ins »*«n rliyh* Itv vein. \\’llh great trepldii* 
tloa, wc starteil tho slow, intravenous adniiiiislratioii of chyle wliirh liml b(H'u rentovml from 
the patient’s chest, iluch to our astonishment and delipht an unlominl miellon wns ob¬ 
served; and, at the end of a few hours, ive had prn<bml)y <»peiieil the rlnmp juore widely 
until tho chyle wns flowing Into the vein at a rapid m«e. Aspiration of Iho chest was per- 
formnl daily nmj, at tho cad of approximately ten days the hinp was completely re-e.xpnaded 
uud tho patient well. A few months later i\e had a case that wns j>rnrtirally Ideatlenl In all 
drttil*. 

I assume that in l) 0 th cases, tho injury inu-st have l*eeii very elmM- to tlio point uf junc- 

of tho thoracic duct irith tho left sulwhivlnn vein, In'cauve if mm hironeeimldi* that a 
missllo ontcring tho body close to the srupuin, and mukinp <'xit In Iho suprasternal notch 
«>ald haro injured tho tlioraclc duet at any other imint. Fnriminlely, ronservalhv Irtwl- 
consisting of nsiiirntiou of tlie eliesl and the ndinlnisnition «)f rliyh- Inlnivenmisly, re¬ 
sulted in the rocovnry of both paticntn. 

DR. MEADE, JH. (closing).—I should like to ud«l one easi* n'lHirl from Dr. Rohhisnn, 
"ho is associated UTth Dr. Jones; I Imd hop*'^! he would lx* here. 

The quettion of the ctiologj* of chyliirin iiml of ehybniH iinel 1 i*s. in mnny cnsei rnnunt 
I>o eiplaincil on the basis of anything I know of at the prcKenl lime. The \\w of llin 
lipophylio dj-ps, I think, is a nilimlile pnwfMlun* niid 1 think I hIiiiII line Ihem Hm in»\t <-hiinee 
^ have, wliicli may not Ik 5 for many, nmny yi'iirs. 
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was not possible to actually deinonstratc a tear in the duct, it was assumed that it com- 
munioated with the pleural • space at this point. Two silk ligatures were placed aronad the 
area, one below the siair tissue and one above. Thc.se were tied firmly and the incision was 
(dosed. Fortunately he made a very uneventful recovery. Tt was not ne(;e.'(.sjiry to a.spiratc 
the chest even on one oeeasion. Since that time he has developed in a porfecth' normal 
manner. 


If we add this ease, to Dr. Afeade’s—that i.s, the one wliirdi was not associated with 
another serious underlying lesion—and include the ea.ses reported by L#oc, Poet and CampM, 
Lampson, and Baldridge and Lewis, it will make a total of six cases of traumatic chylothorax 
treated surgically. In each case a successful result was obtained with the e.xception of that 
reported by Feet and Campbell where death occurred suddenly following intravenous admin¬ 
istration of chyle, presumably due to anajdiylaxis. In evaluating the risk of surgery in these 
eases it would seem proper to eliminate this death inasmuch as it apparently was due to the 
rather dangerous procedure of parenteral adnr.nistration of chyle. 

From this, it would appear to me that perha))s we could be even a little more aggre^ 
sive than Dr. Aleade suggests, and go right ahead with surgical frciitment in these traumafie 
eases as long as we can show that the mortality rate is below that of the ordinary niedi 
measures, that is, around 40 to 50 per cent, and ns long as these patients obtain good resn 
following surgery. It seems that the only objection to this recommendation wouh Iw con¬ 
tinued acceptance of the stiitonient that has been made repeatedly in 
to the effect that any direct surgical attack on the thoracic duct is associated , 

cent mortality. If we look into the basis for this statement it will be ^oun tin i i 
on several cases treated by various surgical procedures, in only one of which— tlin o 
comb and Hcovillc—the duct was actually ligated. 


1)11. B. 0. KLFPSER, Washington, D. C.—I would like to add 
(litionjil ciiso of trnuinutic ohylotliorux successfully trcjitetl l)y lij^tion o 
to sugg(*st n nu'tliod lo make the din^iiosis and the operation sonieu >a TTf«nitaI at 

at tlic present time two imtieiits with ehylothorax in liie Naval Medical n ^ 

Ketliesda; one is a traumatic case upon whom I operated last Friday, six ays 
290 pound man who was in tin auto iieeidcnt in July, 1948. He hm lecii re. diagnosis 
case because of retrosternal pain for six months before fluoroscopy "a. . i].^. aspiinted, 

of chylothorax was made after aspiration of the fluid. The fluid (jje right 

about 1,000 o.c. being removed every other day; the cliylc contimiei o jjgjitc fnt 

chest. During thi.s time we came upon a nictliod of diagnosis by fee pf,,; given 

which contained lipophilic coal-tar dyes. This is not new ; Fletclicr in gudan HI >a 
Sudan III to a patient who liad cliyle in tlie urine, and upon rccoxering 
the urine made the diagnosis of cliylouriu in 1930.* chyle, ahoat 

Wdieii the.-(e dyes, using Sudan III or otlier colored dyo!-, arc ' churning the chyle 
ono to two hours later, Irecomes colored. Only the fnt is colored am y^ jcrireJ- 

tho fat pellicle cun lie removed; it can be colored red or green or > ue rcohtaineJ 

’ - used and nere m” 


The vegetables dyes are valueless. Oleoniurgarinc dyes were usuu ^ 

in tho chyle; tho coal tar dyes, of which Sudan III is one, are tie several 

dye before operating, putting it in olive oil and giving it tliroiig i a g],y]e are stained, 
hours prior to operation. When the clicst is opened tlie ducts am 
making identification of the ducts much easier. The dye remains at 
other structures are stained. Because of contrast, a green dye seems pre c 

Wo ligated a large duet and three smaller branches. There months befor^ 

tho lung in spite of the fact that this lung had been doivn without drainaga- 

and wo had no trouble re-expanding the lung. The chest “.“.Ti.thi,™*"*''”;: 
roentgenogram was taken yesterday and shows no fluid m the ^ ct is p® much uiorc 
thorax was on the right side. Because the lower portion of t le left eJu ^ 

eessible, I believe the right-sided approach is preferable for due 


Fletcher, H. Alorley: Proc. Roy. Soc. Meet.. 1930. 
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that some type of tnmor was dintmoscfl pfoopcrntivcly, and after the patliologist 
had established the correct diaftnosix of tiihcrciiloits l.^^nphadenitis, the surgeon 
and the radiologist acknowledge their mistake hy calling it a tnlwrcnloma. 

Tnberculomas liave been reported in every organ of the body except those 
which have natural tissue immunity to invasion hy tulwiele bacilli, for example, 
the pancreas. 

'.There is an implication in the term “pulmonary tuberculoma” that it is a 
solitary lesion. The chest roentgenograms give .such an impres.sion, hut after 
the lobe, segment, or wedge containing the tuhcrculoma is removed and c.x- 
aniined grossly, .smaller aimilar flhrocnscous nodules will he found in GO per cent 
of the specimens as .satellites close to or at some di.stancc from the main nodule 
(Figs. 1 and 7). So “tuheroulomn” is a tj-pe of flhi’ocnsconodosc tuberculosis 
in whicli one nodule is out.stnnding, attracting the attention of the roentgen¬ 
ologist hyits size, its sharp outlines, and the lack of surrounding parench.vmal 
infiltration. It may Ire found in any portion of cither lung; its location in the 
48 cases in this series was as follows: right lung 29, with 13 in the upper lobe, 
3 in the middle lobe, and 13 in the lower lobe: left lung 19, 13 in the upper 
lobe, f) in the lower, and 1 interlobar. 

The Ohon nodule, which Ls the encapsulated primary focus, is rarely a 
surgical problem. But the increa.sing occurrence of primarj' infection in 
adnlts, plus the tendency in this age group to dcla.vcd retrogression and calci- 
dcation of the nodule, will bring the primarj’ round lesion to the attention of tho 
rodiologhit and the chest surgeon. 

UFn'EIA3fMKNT OK I’Ul.ltONARV TI’nKnCTnA)MAS 

It is generally accepted that the irulmonarj- tuheieuloma, excluding the 
Qhon nodule, Ls a reinfection lesion negnired hy the aerogenoiis route. It is 
the structure of tho lung with its air .spaces and its pleural covering that sets 
ofll the tuberculoma of tho lung as different in its initial phases from tubercu¬ 
loma of other organs. This initial phase, whether a primary infection or a 
reinfection, is a ca.scous pneumonia of varA’ing e.xtent with tubercle formation 
somewhat later. The original pneumonia, if successfully hmidled hy the body, 
clears up, leaving a few Adsihle scars. But the body may he only partially 
auccessful in limiting tho process by gradually Availing in the niea of pneumonia 
hy fibrous encapsulation. When followed in serial roentgenograms this walling- 
W appears os an irregular shadow which gradually rounds out, becomes denser, 
D'orc homogcncoas, and sharirer in definition, with the appearance on roeutgeno- 
gtanis of that of a discrete roimd homogeneous density in otherwise fairly 
aomial parenchyma. This is tho tuhemiloma stage, representing a truce in 
16 struggle lietwcen the body and the tubercle bacillus, with the residual 
*acilli secure behind their fibrous wall. In streptomycin treated cases, assa.v3 
ct these nodules for the drug were negative. The nodule may remain ap¬ 
parently unohauged for years, lulling the doctor into false ideas of its stability 
aPd innocence. But in many of tho lesions, considered on immature type, there 
■nmroscopic evidence that they are sluggislily active; caseation is continuing 
an the inner side of the fibrous wall, while on tlie outer side more fibrous tissue 
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THE TERM TUBERCULOJIA 


T UBERCULO^klA,*'-” toubcI imlmonary focus,solilavy focus of tuberculosis, 
calcified pulmonary abscess,®" Assman focus,’ Simon focus,” and the Ghon 
nodule*’ are similar in that they all represent the localization of a tuberculous 
pneumonia by fibrous encapsulation, appearing as a rounded subpleural pseudo¬ 
tumor located in some portion of the lung. The Assman focus is infracla\icular, 
the Simon focus is apical, and the C4hon nodule is located u-sualh in the mi 
lung field. The term “cold abscc.ss” is frequently applied to similar nodules in 
solid organs and tissues; it corresponds to the “unripe” phase of pulmonar} 

tuberculomas. , 

There is some objection to the use of the term tuberculoma. 
defined it as a “neoplasm caused by the bacillus of tuberculosis. ^ Bu ’•*> 
too simple and half MTong; it is not a neoplasm, although it is ' 

diagnosed as such in the x-ray interpretation of rounded parenenuna cn 

in the lungs (Holmes and Robbins’'’). _ _ 

These tuberculous nodules arc the result of a chronic inflamma P . 
of granulomatous type, which follows a characteristic patteni, a^ocia 
but not the exclusive property of, an infection caused by the i yco « ^ 

tuberculosis, for example, infection with Coccidioides immiiis 
nodule identical with those due to tuberculous infection. ^bacilhis of 

defined tuberculoma as a “localized growth of tissue caused -g g^b- 

tuberculosis; a tuberculous nodule.” But this would inclu e -.vluch iu 

miliary tubercles as well as the largest of the tuberculous no Pibercu- 
this series was 6.0 by 4.5 cm. Obviously a nodule to be gbouW 

loma must be of a size sufficient to be recognized in roentgenogia 
be at least 0.3 cm. in diameter to attract attention to it. n gj^e was 

tuberculomas the size varied from 1.0 cm. to 6.0 by 4.5 cm.; t ic a\ 


2.1 cm. 


Recently reports of mediastinal tuberculomas liavc appcjuc 
ture. Blades and Dugan’’ and Grace’ reported such cases, Q^.ace’s case 
apparently a hyperplastic reactive tuberculous tuberculous 

a fibroeaseous l.ymphadenitis. It is not usual to consider an e other- 

node or a mass formed by conjoined tuberculous nodes as a u Ap- 

Muse tuberculomas of the neck, axilla, etc., would be a common implies 

■nm-mitlv the term tuberculoma as annlied to the mediastina . 


pareutly the term tuberculoma as applied 

From the Laboratorj- and Surgical Services, Fltzslmons 
Army. 

Bead at the Twenty-ninth Annual Meeting of The 
gerj- New Orleans, La., JIarch 20, 31, 1019. 


General Hospital, UnlteU 
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i (Crtjte 1).—(roD^IdornbJe JnflItratJon, J<'ft up/>or lobe. Sputom pculUve. (See FJ*r. 4.) 



rounded density from a tuberculous caseous bronchopneumonia. 
™y performed. Caseous tissue of nodule positive for acld-fast baclUI. (See Flp. 2.) 
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pneiiraonin, n-itli each small imit cncapsnlnting and fusing with its neighbor 
to produce a iwinded nodule of ni)proximatoIy the same size ns the originally 
involved focus. 



Cil 


Fla. a.—“MuturG” tubcrculonw. SVfimont of loft lower lobe, (Boo Fla. (.) 

■I. It Ixjgius ns an extensive area of tuhereulous bronchopneumonin which 
proceeds to cavitation. In one-half of such cases it was in the stage of caidtation 
Jrhen first detected by a imitine x-ray examination. Occasionally spontaneously, 
uI usually as a result of compression therapy—pneumothorax, pneumopen- 
loneum, or thoracoplasty—the bronchus which drained the cavity became 
Woeked, and the cavity shrunk, its caseous contents were retained and were 
Wnceatrated, and gi'adnally the lucency of the cavity lumen was blacked out. 

he result is a round focus not rccognitably different at this stage from the 
wuipnr rounded foci of 1 and 2, mentioned previously. At the same time the 
Positive sputum was converted to negative. 
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is being added, but. tlie balance in tlic centrifugal enlargement is so evenly 
maintained that neither change in size nor alteration in density may be detecta¬ 
ble by x-ray examination. 

Of tlie d-S eases of tuberculous nodules reported in this paper, 60 per cent 
were well-developed I’ound lesions when first observed. There were no available 
roentgenograms or too infrequent roentgenograms to follow the development 
of these lesions. The remaining 40 per cent were followed by serial roentgeno¬ 
grams for several yeai-s. Observation of the x-ray examinations in this latter 
group, plus the microscopic examination of the nodules after they were removed, 
showed three methods of development; 



1 . \'.[x: -» y ; • \ 




Fig-. 4 .—Round lesion known to be present and Increaslnp In size for six jes 

Ironi nodule negative for acld-fn.st bacilli. (Sec rip. 


1. Oi-iginally there was a i-atlier cxten.sive of an 

pneumonia with positive spirta aird accompanied b}' the usua ? rather 

active tuberculous infection. Under tlie nsnal bed rest 

extensive pulmonary infiltration slowly cleared leaving a iwinde ei 
smaller than the original, involved area (Case 1, Figs. 2 and 3). 

2. In a clear lung field an indistinct, faint, irregular, hazy ^ j.„lc 

of small (several millimeters) densities appeared. Symptoms v\ei 

absent or there was minimal malaise, slight nonproductive coug ^vere 

99° F. temperature, and negative sputa, and occasionally eases in 

obtained from gastric washings. This fuzzy area enlarges an i ^jj-cpm- 
density, gradually rounding out until it finally becomes a sia^ pj^eumoiiiu 
scribed round shadow'. Microscopically the process is 
but smaller pulmonaiy units are involved, designated as a lo m ar 
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contents there is a narrow zone of epithelioid cells and oeeasional t.\-pical 
Langhans giant cells, but usually these giant cells appear shrunken and dis¬ 
torted. In places this intermediate epithelioid cell layer is replaced by a narrow 
zone of granulation tissue. The caseous center tends to inspissate and calcium 
phosphate is deposited in it. This cnleium deposition may be irregularly 
scattered through the caseous center or lie deposited in concentric rings 
(Liesegang’s rings). The ealeificntion in our eases was never as general, com¬ 
plete, and dcn.se as in a Ghou nodule; rarely was dcealcificntioD required before 
the sections could 1)C out. This tnrgctlikc, partially calcified nodule is the 
“ripe” or mature tulKJreuloina and smears and cultures of these lesions were 
always negative for tuherculc Ijneilli (Pigs. 4 and 5). The ringlike calcifications 
may be visible in roentgenograms. Haight and Panis’s ease” was of this type, 
as were Cases 1 and 2 of Graham and .Singer.’ Such calcified fibrotic nodules 
are mausoleums erected around dead bacilli. 
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FATE OF TUBERCULOHA 

Wlicn the nodule is formed by the encapsulation of broncho or bronchiolar 
and alveolar caseous pneumonia, the outlines of the consolidated alveoli, filled 
with ghost epithelioid cells, can be still identified in the microscopic sections. 
It may persist in this phase for months. Ultimately the outlines of the previous 




Fig. 7 (Cn.se 2).—‘’Unripe” tuberculonin. (See Fig. 0.) 

nd the center ei 

alveolar and lobular stmcture and contained cells is composed 

the nodule is uniformly caseous and structureless. le infiltrated 

of concentric layers of fibrous tissue with some hya the caseons 

by plasma cells and lymphocytes. Between the n rous 
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oral “slils” following the cuire of the wnll of tlie nodulo (Fig. 10). Smears 
and cultures of these irregularly softened nodules nre nsually positive for acid- 
fast bacilli. There arc always small patent bronchi or bronchioles in close 
proximity' to the mtiU of the tuberculoma. Often portions of tlie wall arc quite 
thin. With liquefaction close to a thin wall, communication can be and is 
establised with the bronchi, with resulting escape of bacilli containing material 
and reactivation of the tuberculous process. 


W.—Rather mplil enlartremont of rwund loalon, Htrht. N'ute elltake apacc at ^lipherv. 

of eaclaeu leaton poaltlve on culture for nclil-faat bacUll. A ilpcneO 
rttuoma which has beeuo to eoften and ca\iUito. 



In an oceajrional slide, submilinrj' lubcroles have liecn oliscn'cd in tlie walls 
of blood vessels close to tlie nodule. This iiifci's the pos-sibility of bemntogenous 
''Pread although no such case occurred in our series. 

Tulicrculomas originating from encapsulated caseous pneumonia are always 
I" ose to the pleura in the poripherj' of tlie lung. Those that bulge slightly 
waeath the pleura asunlly have a white to yellow hyalinired plaque marking 
me fusion of the wall of the nodule wdtb the overlying rcactively thickened 
pleura. Those that do not quite meet the pleura usually have a dimpled pucker 
eyer them with a small white fibrous ploural thickening at the Ijottom of the 
j™plc. The hyaline plaque often extends as a "V” into the nodule and may 
w dense that the nodule is grossly diagnosed os a chondroma (Figs. 4 and 6). 

Normal lung tiasue surrounds the wall of the nodule. Usually interlobular 
™'eculac radiating from the wall of the nodule nre thickened. Close to the 
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cutaneous fistula. In tlie case of Maurer-Mast and Franklin” this occurred. 
In Case 3 the liquefaction -was incomplete; communication with a bronchus was 
re-established and a tbiek-wallcd cavity remained (Figs. 8 and 9). 



i-OBE 

Fig. 0 (Ca.se 3).—Tuberculoma which cavltntcfl and ystabllsbwl coniniunlw^^ ^ ^ 

A tuberculous endobronchial disease Is also ])resenu 

Unfortunately the large majority of the solid nodules are began 

and mature; the longest observed in this series was eight years wi g^fteii- 
to soften and the sputa became positive. Thej" often show srna ai ggggntric 
ing and liquefaction, evidenced in the roentgenograms ly sma^ j.Qentgcno- 
lucencies which may shift within the nodule when followed y junction 

grams. It is rather characteristic that these lucencies are loeate a pcriph- 
of the caseous and fibrous zones and often appear in the x-niy s m o' 
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6. Skin sonsitivity test.s arc usually not particularly helpful. The tubercu¬ 
lin skin teat may ho positive; in this group 70 per cent Avero positive, many only 
with second strength tulAciculin (.005). Hi.>rtopln.smin and eoceidioidin tests 
may be equally poaitiA'C. Tho eoceidioidin skin test may Ijc positive and the 
tuberculin negative, yet the lesion proA’cs to he tuherculosis. In other Avords, 
skin tests arc as often confusing ns they are helpful. 

7. Needle biopsy. Although employed by others, it is not used at Fitzsimons 
General Hospital. 

8. Ph.A'sical examination. It is imially negative. No definite findings as a 
rule ate present e.xcept in those cases of a lesidual noelule foUoAviug extensiA'e 
active tulxtrculosis. 

9. Sedimentation test. It is usually normal or only slightly eleA'ated. 

niFFEnK.VTIAI. DIAOVOatS 

The round lesions found in surgical s|>ccimens remoAcd, since 1943, at Pitz- 
slmoas Avero; (1) atelectasis of a nipple of lung pnreneli.ATiia, adherent to tho 
parietal Avail, Avhieh had hcen “strangled” h.v adhesions,- (2) bronchial adenoma 
not visualized hy bronchoscopy; (3) ecliinococcus ev-st; (4) peripheral bronchio- 
geuic carcinoma; (6) pcri|)hcml fibrosareoma Avith no other primary' site estab- 
liilied; (G) ,solitar>’ metastasis of a renal adenoenreinoma; (7) a filled bronchio- 
(tanic cyst; (8) a venous aneurysm in the middle of a lower lobe: (9) calcified 
cist in a cystic hrouchicctasis; (10) ehondisshamartomus (these are also periph¬ 
eral subplenrnl round lesions Avith sugge,stion of central cavitation at times); 
(11) nodular lesions of coeeidioidom.A'cosis (their differentiation from tubercu- 
loraa depends on tho recognition of the spherules in the tissue sections or by 
culture of Coccuiioidct wimitis from the caseous contents); (12) encapsulated 
intcrlotwr tuberculous pleurisy; (13) pyogenic lung nljsccas. In spite of employ¬ 
ing everj- possible diagnostic procedure to arrive at a correct diagnosis, each 
of the aforementioned lesions AA-ns suspected at some time during the hospitaliza- 
hon of the patient to be a tuberculoma, and only their examination after rc- 
ffloAnl established the correct diagnosis. 


REiASONS FOR SUROiaVL BEAIOA AL 


1. There is no medical treatment that aa-UI clear up these nodule.s. Strep- 
I'os no effect on the nodule and from assays on five of these encapsulated 
oiw, it appears that streptomycin docs not jTcnctrate their fibrous Avail. 


2. They aro potentially dangerous. They may persist for years apparently 
l^n^nged and then cavitate, break their fihrorrs barrier ir-ith a I'eaiiiting acute 
u rculous pneumonic flare-up. 

employment of every available diagnostic procedure may still not 
h ■ A,^^ ^ correct diagnosis. Only by excision of the lesion and its examination 
1 t c pathologist Avill the specific diagnosis be obtained, 
lom ^ ^“’^"'^''ymol round lesions, by tho law of averages, aro mostly tubercu- 
dutT’ ncoirlasms. Seven of the solid round lesion.s, removed 

"ng the same period ns the 48 tuberculomas, avoto tumors; 4 of these AA-erc 
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wall lliere is a narrow zone of partially atelectatic alveoli, due to compression 
by the nodule. The l^unphoeytes and plasma cell reaction usually extend into 
the slightly thickened fibrosed Avails of these alveoli. It is common to find 
submiliary epithelioid giant-cell tubercles in the surrounding parenchyma as 
eAudence of continued actiAuty of the tuberculous process. As mentioned previ¬ 
ously, satellite fibroeaseous nodules 0.2 to 0.7 cm. in diameter may lie close to 
the main nodule. Occasionally the satellites fuse Avith the main nodule, ex- 
])laining the enlargement of some nodules. 

The deseri])tion of a tuberculoma is entirely individual; each one differs. 
The general characteristics are: (1) a fibrous Avail hyalinized in varj^ing de¬ 
grees; (2) a caseous center of varying consistency from diffluent to drj", granu¬ 
lar, and chalky; (3) calcium deposition of varying degree and aiTangement: 
(4) anthracotie pigmentation depending on the degree of anthracosis in the 
rest of the lung and on the area of the parencliATna originally involved; (5) 
hemosiderin pigment de])osition, usually .scanty, and associated Antli the presence 
of granulation tissue in the lining; (6) cavity formation of Arnyving degrees, 
usually irregular, slitlike, and eccentric, rarely completely cavutated; (7) a 
pleural cap of hyalinized fibrous thickening over the bulging dome or a dimpled 
area over the deeper tuberculoma. 


DIAGNOSIS 

As aids in the diagnosis there are: 

1. A careful history. But in the majority of cases no histoiy of pewonal 
or familial tuberculosis Avas obtainable nor could any history of definite con ac 
be found. 

2. Roentgenogi’ams. It is ahvays well to remember that there is 
tuberculosis present than the roentgenograms indicate. Posteroantenor ro^ 
genograms of the chest establish the presence of the nodule and of a , 
Ghon nodule or a Ranke complex. In one case, calcifications 

in the spleen. Stereoscopic roentgenograms Avill help in localization. i 
lateral, and apical films may better visualize the nodule and locate i 
accurately. Potter-Bucky technique and tomograms help in bettei ® 
of the nodule and its internal structure, and in locating the dept i o 
from the chest Avail. , p 

3. Fluoroscopy. It will shoAV that the nodule does not pulsate 
moves Avith the lung. 

4. Bronchoscopy. Its value is cluefiy negative. As the 

usually at the periphery of the lung they are beyond the hmite ® 
bronchoscope. If the nodule has cavitated and communicates ah | a 
bronchoscopy maj’^ determine Avhich bronchus is draining an .gfjvelv 

material for culture may establish a diagnosis of tuberculosis. reo 

it is used to determine if endobronchial tuberculosis is present. as 

5. Bi-onchography. It is usually used to rule oirt other the 

broneliiectasis and bronchial cysts. • It is the most accurate Avaj o 
bronchopulmonary segment invohmd. 
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phj-sifnl clieck-u]), for pliysicnl elcnrjincc previous to separation from or re- 
fnlistmcnt in tlie nmicd sen’iee, or durins scrconinf: on admission to hospital 
forsoDip other condition. 

In knoOTi cases of tuberculosis their development was followed by repeated 
x-ray eiaminations; they arc the end result of a tuberculous pneumonia or of 
the solidification of a tuberculous cavity during cempiession therapy. 

The 48 .specimens illastratc the individuality of the process and the various 
pha.ses of develoimicnt from immaturity to ‘‘ripcnes.s." The alovniess to matuiX! 
and the tendency to cavitate arc emphn.sizcd. 

The marginal slitlike cavitation is offered as a differential point in the 
i-ray diagnosis of those lesions and occurred in le.sions well on their way to 
matnrity. 

The ages varied from 19 to r>4 years, average age being 32 .veal’s. Forty- 
three men and 5 women comimscd the group. This preponderance of men 
reflects the Army source of the patients. As to race.s, 4,') were white, 1 colored, 
and 1 Japanese. This bears out the lessened ability of the Negro race to focalize 
pulmonarj’ tuherculosis. 

The potential danger due to the prc.5enco of viable bacilli in the majorit.v 
of the tuliercnlomas is emphasized (Case 3, Figs. 8 and 9). 

The comparative safetj’ of the operative removal of these nodules is re¬ 
flected by the following facts; no opemtivo deaths, no po.stoperntive tuberculous 
pleurisy, and no immciliatc postoperative disseminations. 

CASE REl>ORT6 

Case 1. .This PO-ycnr-old niedlcsl officer gave r negiUiie fnniilial Iiiafory for tulsreu- 
In into, lie hod pneuntonin with no reeidmiln, .\Iiout Kov. S. IP.St, h dry hnckiiig 
begun nsth mnlaise and Alight fever. TIio tempemturc and eougli pemii-ted and lio 

Dre poonde. He waa admitted to Waiter Reed Oenerfll Hoapitnl, Nov. 18, IP.S". Roent- 

Cinminntion revealed cxtenftvo Jnfiltmtioo of tlic Ipft lunp from tlic riiiei to 
of tlie tliirO rib mth linear nodose appearance and n supc^dion of a cavity. Sputa 
ere repeatedly poritire for acid-fast IraclUi. He was Iransforred to FiUsimons General 
® pneumothorax was induced Dec. 2-^, 1037. He gained 
cough cleared, and sputum become negative by July 18, lO.'W'. He was discliargcfl 
1039. Smears and cultures for tubercle bacilli ^ere nogntivo. He resumefl normal 

Iko ^ x-ray examinations Blion*ed re-expanaioii of tho lung rvitU some fibrosis in 

“pper loft lolw at the rite of prerious tuberculosis. 

^^‘nitted March 11, 1945, because sputa liad bocomo positive. Sputa and 
■ail' were positive between April and August, 1045. Ho hud increased cough 

^^^^P«toTatIon and there was on inflItraUvo process In tho left upi>er lolho, and roentgeno- 
IriwJT showed a circumscribed denaity in the first left anterior 

(Fi«s. 2 and 3). This Hlightly regressed by Aug. 10, 1945. Bedimentation rate 
On Sept 0, 1945, a left upper lobe lobectomy was done. 

Examination. —Specimen was tho left upper lobe weighing 135 Gm. Fibrous 
^it 0 ^ iittached about the apex. A firm 1.0 cm. nodule was located In the upper one- 
segment. It had a fibrous wall enclosing grayish yellow caseous 
'D*taU positive for acid-fast bacilli. Calcium was present and choloaterin 

A bronchiole lay against tlie fibrous wall Occasional satellite tubercles were 
terpj parenchyma. About this nodule in the apical segment, tlicrc were scat- 

tubercles and an occnslonal conglomerate fibrocascous tubercle. 
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malignant (1 sarcoma, 2 ])cripheral broncliiogcnic carcinomas, and 1 metastatic 
round lesion of a primary renal carcinoma). So of 55 round solid lesions from 
the periiihcry of the lung, 4 were malignant, or 7 per cent. Efiler, Blades, and 
Marks” in their scries of 24 round lesions found 15 per cent malignant and 
approximately 30 per cent tuberculomas but their series included broncliiogcnic 
cysts and round lesion located in the paravertebral gutter. 

5. The cure of the visible disease is possible as it is confined to an area 
readily accessible to surgery. Its removal can be accomplished by surgical 
means which will not cripple the patient and can I’cstore his peace of mind 
and usefulness. 

6. The operative risk is low; it is no greater than that of appendectomy. 
In this series there were no operative deaths. The patients arc usually excellent 
operative risks. 


SURfilCAI. MANAGEMENT 

The management of these cases depends on an appreciation of the under¬ 
lying pathology. , 

Fortunately these lesions are peripheral, subpleural, with few or no aa- 
hesions to the parietal pleura. Palpation of the lung usually can detect le 
extent of the main nodule and the presence of satellite or additional no ■ 
Surgical Judgment must decide the amount of tis.sue to be removed. Aje „ 
excision is sufficient for the mature fibrocnlcific tuberculoma. 
total lobectomy may be ncces.sary Avherc the area involved is oo ex 
a wedge re.seetion. Enucleation is to be avoided due to the po.s.sible p 
of microscopic tubercles in the adjacent parenchyma. 

In this series wedge resection was em])loyed in 30 cases, ^ i 

in 2, and loliectoniy in sixteen. In 1 case the tubeicu oinn 
the line of an incomplete minor fissure and the lenioia o 

middle lobes was necessary. _ _ It did not 

The danger of postoperative tuberculous pleuritis . p,e 

occur in any of these cases. Likewise postoperative ‘ rcsnectivdy, 

tuberculous proce.ss did not occur. After seven and nine mon , anotlier 
2 eases developed signs and x-ray evidence of a tubeicu ous pie 
lobe; both eases had lobectomies performed. iniminrv'disease, 

Appreciating that tuberculoma is a part of a genera pamncliymo 

delicate surgical decision is necessaiy to conserve goo pu 
and yet adequately remove the diseased tissue. 


SUMMARY ferably by 

A series of 48 cases of tubei’culomas is presented, jn ap- 

wedge resection, although segmental and total lobectomy General 

proximately one-third of the cases. They were removed at 
Hospital between Jan. 1, 1943, and March 1, 1949- acceptable. 

The term tuberculoma is inexact but usage has ma j^cidentally by 

In three-fourths of the cases the lesion was for 

routine chest roentgenograms, taken in the course o exanu 



MAHON AND FOILSEi:: SUnOICAl, TnE-miKKr Or TUnPUiCULOilAS 


731) 


braiwh of the potterolatenl broncliiw ftutl a Rroup of 0.0 to 0.5 rm. fibrocnjicoua nodoloe jnir* 
romidM thf di^nl rml of tlio nnforolntoml brotirliui*. AliiTOPpoplrnDr there wns cfllcium 
,dpp(»ttion In the caROfHw mnterinl rllncinp to tlio lininp whieli jp pinnnlfition ti»?uo In pomo 
iffa*, fibroepUhelluld ti^^me in nthera. Tltoro tvoro Mibnilliary fulK«rrlef< about amt tn 

the will of the eoniniunlmtlon jK»«tcrolatpntI bronehua. Other tulx'rrles, of vnrj-ln;; 
were seatteretl 5n tlie jioaterolatomi |ie;,^jcnt and the nnlorlor nnjjle. 

/mprrttion.—This wni n fomlire<] area of enwnu!* pneumonia in tho posterolateral 
wpoent, which eoftmcNl, oetabllpluHl communiention with the posterolatoml bronchus, ami 
eInl^l as a cavity with tulx*rculoua broneliitlp of the dmininfv brunchus and sliglit bronchlo- 
Ceilc spreatl to tho anterolateral hP^^mont of the right upiKT !ii!)e (Figh. R and U). 
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DISCUSSION 

DR- ELMER R. MAURER, Clucbinnti.— From n total of nine puliiionarj' tuberculomas 
upon during the past two and one-lmlf years, 1 have selccteil two particular case 
tl» h ^ 'vouhl like to prcMont briefly because I think tliey illustrate well some of 

Inherent in any program of procrastination or watchful waiting in the surgical 
P^oent of tlicse sosmlled quiescent fui)ercuIou8 lesions (slides). 

^ ^ ** P®*teroanterlor projection roentgenogram of a .14-year'old white woman who 

of hospital with a liistory of having been obseiwed for several years boenuso 

'*0 to f| ^^^ch is easily apparent in the upper portion of the right lung. Approximately 
i,g uiontha prior to admission to the hospital she suddenly developed n chronic hack- 

8 1, which was unproductive and .irritating in character. Repeated sputum analyses 
J trooUrt, acld'fnst organisms. There nro noraerous flecks of calcincntlon seen. 

1 I out \wirticulnrly this small strand which I think flecks of caJeifl- 

***^^ic° H’ ^bin mass ft-itli tho medinsticum. 1 tlilnk this often is of lielp In 

. 1^.1 diagnosis between tuberculons lesions and primary tumors. Tvobectomv 

upon ami performed. 
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Case 2.—TJiis 23-yenr-old Bcrgoimt of the Air Corps stated that there was no familisl 
tuberculous history. He liad a clmncro in 1943, adequately treated, with serology negatiw 
since treatment. He was in excellent health. In April, 194G, a routine chest roentgeno¬ 
gram during examination for .‘separation from the sendee reported a 3.0 cm. dense, sharply 
outlined nodule in the right lung. So he was adniitterl to Station Hospital, Camp Beale, 
Calif., on April 7, 194G. Lungs were negative on physical examination. Sputa were negathe 
for acid-fast bacilli. Ho was asymptomatic and afebrile. Diagnoses were pleural tumor, 
interlobar encapsulated fluid, and focal pneumonitis. Sedimentation rate was 27/60 on April 
10, 5/CO on April 29. Transferred to Fitzaimons General Hospital June 14, 1P46. Lungs 
were negative. Bronchoscopy was negative. X-ray examination of the chest revealed a 
circumscribed rounded density at level of fifth right rih axillary line. Impression was a 
tuhcrculoma or primary neoplasm. Laminngram showed it did not involve the ribs, No 
skin tests were made. Exploratory tlioraco.stomy was performed and the nodule was removed. 

Pathologic Peport .—Specimen was a 20 Gm, wedge of lung tissue, measuring 5A by 
4.0 hy 2.G cm. Tags of fibrous adhesions were attached to smooth glistening pleura. A 
4.0 by 3.0 hy 2.5 era. fluctuant nodule occupied most of specimen. A fibrous wall, 0.05 to 

O. 3 cm. thick cnclo.scd .<-'oft, semiliquid yellow caseous materinl; on evacuating this material tbe 
lining wa.s traheculntod, gmyisli. There was a 1.0 h.v 0.7 by 0.7 cm. outpocket of the main 
nodule enclosed by a paper-thin fibrous wall. Smears for acid-fast hncilli were negative, 
culture was positive. Giant cells and epithelioid cells lined the caseous space; in other arm 
granulation ti.s.sue wa.s present. In the outpocket there was a series of caseous foci mt 
giant cells and .cuhmilinry tubercles in the fibrous wall, in the pleura, and pleural adhesions, 

Diaijnoxis ,—This was a completely softened tul)erculoma in which the original caseoK 
pneumonia proceeded to quick softening—nn unripe dangerous type espccinlly w en ennee 
ntion i.s used, as it was in tliis case (Figs. 0 and 7). 

Ca.se 3.—Tliis 24-ycar-old Xegro corporal stated that his fatlier and two 
died of “lung trouble." He had no serious ilincs.scs and no prevdous symptom o 
(lisea.‘-e. In October, 194.1, a routine chest roentgenogram during examination pnor o 
ration from sem'eo reported a ratlicr slmrply outlined density in the right ° 

central luconcy. He was admitted to AVakeman General Hospital Oct. 29, 194». » ^ 

ing he stated he had lost ten pound.s in the past year, had nighty sweats Ijatilli 

month for past tlirce to four year.s. Gastric wnsliings were positive^ or nen ^ jjje 
He had occasionally 99° F. afternoon temperature. On l>ed rest cavnty acid-fast 

and perifocal infiltration cleared. One twenty-four liour si)utuni was nega vc jjpjpital 
bacilli. Sedimentation rate was 40/00. He was transferred to Fitzsimons e 
Dec, 29, 1945. He felt well; except for scattered riila^ nnd 3 by 4 

right upper lobe, pliysical examination was negative. Fluoroscopy repor c was 

cm. tubereulonm-Iike density in tlic fourth right interspace cavity bad 

normal. Sedimentation rate lO/GO. X-rny examination on Feb. 5, i 
enlarged. Bronclioscopy reported slight stenosis nnd reddening of ^ pjgyral spaaf- 

upper lobe bronchns. Pneumotliornx was unsuccessful due to absence o a interspace 

A review of film in February, 1943, showed infiltration in the rigi enlargad 

which lind been missed. By Alarch 10, the tiny central luccncy g _l^g^ tuberculin 

to 2.0 cm. and stabilized at that size. Coccidioidiu skin test 1 to . boar specimens 

P. P.D. .00002 2 plus. Acid-fast bacilli found in one of three hyen washings«« 

in January and a seventy-two hour sputum on March 13 was pos b"®' y/GO. On Hay-i 
positive hy culture in January and March. Sedimentation rate nns 

1940, the right upper lobe was removed. - - l';2 Gm • «■ 

Pathologic Peport .—Specimen was the right upper lobe „ 0.5 h.V b-“ 

of fibrous adhesions covered its surface with thick fibrous bands a border. There wsa 

area at the upper border of a jmrencliymnl nodule fill in the tiosterolnfeml segmcr**- 

a 2.7 by 2.5 by 2.4 cm. cavity with 0.5 to 0.9 cm. thick wa s m ' bacilli uvrc 

The posterolateral bronchus was filled with caseous debris m tubercles ia the 

present. Soft caseous material filled the cavity. There were vim 
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Herdert D. Adams, 3I.D. 

Boston, jMass. 

TNTRATHORACTC jjnilcr in«y l)o defined ns fhnt type of poiter in which the 
1 goitrous ninss lies in the niedinstimnn entirely ])eIow tlio level nf the su¬ 
perior thomcic strait. At the Lnhey Clinic nearly 28,000 patients \nth poiter 
have been oi)cmted on nnd hundreds of these have been classified as beinp 
trnly intmthorncic by these criteria. Pi*ncticnlly all of these poitei's, ninnj’ of 
tremendoiw size, have been removed satisfactorily by the cervical route. This 
has been technically possible chiefly by the maneuver described by Dr. Lahey 
of the evacuation of the seiniaolid colloid contml portions of these mosses, 
thereJiy reducing the ti'ansverso diameter of the intrathoracic mass sufficiently 
to ))ennit the dcliverj', through the nock, of the remaining jiciiphernl and ca])- 
sular portions of the thyroid gland. This has been technically fea8il>Ie nnd 
wtLsffletor)’ in liy far the majority of these case.s. 

There have hccii three cases in the past few yeai-s. hrnvever. in which the 
iiitrathomeic goiter has been removed transthorneicnlly. Two were np- 
proachced transpleurally because of inability to differentiate the I'oentgen- 
f^logic findings in thcfio cases from other t 3 'peft of mediastinal tumors because 
of their cxtremcl.v lowpasitioii in tIioine<liajrtinuin. 

When the diagnosis of intrathoracic goiter has l)een considered, either bc- 
^iise of the development of pressure .svTnptoms or beeaiise a mediastinal mass 
hfw lioen discovered by routine roentgenologic studies, tlie differential diagnosis 
from the other common modinstinol tumors is usually difficult. For the purpo.se 
of this discussion of the differential dingnasis between intrathoracic goiter and 
these other common mediastinal tumors, cases have been sclcctetl in which the 
^ntpenogmms are verj' similar in appcnmncc. The smaller, low-lying masses, 
^ch as in the first ca.se (Fig. 1, o and h) mav' have no apparent extension upward 
oonnectioii vrith the thyroid in the neck and ma^' have the characteristic 
•ippearnnce of a dermoid cyst, bronchiogenic cj’st, or even a thymoma (Figs. 2 
3, n and h). The intermediate sized and less opncpie mas-scs (Pig. -1) are 
^pfesentwl In* the second cose and have I)ecn confused at times with mega- 
^Pbngua 5 ^ „ -g to stress the importance of 

barium studies of the esophagus in the differential study of medi- 
In the oxtremolj’' large masses (Fig. 6) filling the entire su- 
1^ or mediastinum, roentgenologic studies may be identical with those of 
astinal Hodgkin’s disease or arterial aneurysms of any of the great ves- 
^ * origmating from the arch of the aorta. The only roentgen finding dif- 
J'^ntiating intrathoracic goiter from these conditions is that in intrathoracic 
SoRer there is usually more tracheal and bronchial displocement than 
_,_^other conditions nnd on fluoroscopj' it can be seen to ascend and descend 

U'Jf Twcntj'-nlnth Annual Ueetlncr of The Anv»rlnin Awwlatlon for Thoracic 
Orioins, La., March sa-Il. 
ine Department of Surreo’. Tho Lahey Clinic. 
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This is the postoperative picture; the lower lobe Ims filled the right hemothorai. This 
shows the tuberculoma which was of fair size and occupied the anterior portion of the epper 
lobe. Direct smear demonstrated numerous tubercle bacilli and there was a pure culture of the 
same organisms obtained on further study. Because of the rather sudden onset of the 
patient’s cough—and the fact that at the time of the anatomic dissection this tuberculous 
mass was found to be contiguous with a major secondarj- branch lobar bronchus—I think we 
can conclude that the irritative cough was probably due to the proximity of this mass to a 
major bronchus and that nipture was imminent. 

This 3G-ycar-old white woman was admitted to the hospital following an attack of 
syncope and suggestive coronary disease at the place of her employment. Electrocardiographic 
tracings were entirely normal. Routine x-ray examination of the chest showed a conglomerate 
mass in the upper lobe of the right lung. Sputum annly.=cs were negative for acid-fast 
organisms and the patient had no antecedent historj' whatsoever of cough, hemoptysis, or 
night sweats. I would like to point out the area of calcification easily seen in the lateral 
projection. The significance of the calcification was not appreciated until the time of 
operation. IVc had anticipated doing a right upper lobe lobectomy and, ns you can see, right 
pneumonectomy was the final procedure. At the time of operation there was extensive 
calcification of the entire membranous portion of the right upper lobe bronchus, so that no 
point for adequate amputation and closure could lx; found. A pneumonectomy was decided 
upon and, after further examination, calcification was seen to e.xtend up even into the 
trachea. The right main-stem bronchus was finally divided along an S line high on the 
trachea between two large calcified plaques; also there was encountered a large calcification 
extending into the irericardium and a portion of this latter structure was removed with t e 
specimen. . 

I show this .slide primarily to point out the very large calcium plaque on the bronco 
stump. This next slide was following thoracoplasty and shows the mediastinum bae m 
normal position. The patient made an uneventful recovery, and has returned to wor 
pure culture of acid-fast organisms was obtained from the specimen. 

I know of no accurate way in which one can determine either by roentgenograp 
examination or otherwi.se the bacterial activity of any of these masses, and I know o 
way one can predict exactly when symptoms are going to occur for which reasons su P 
excision should be advised. 
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8.—Thjrmom* In ripht j'up^Tlor niodiniitinujn. o. Antrro}io»*t«=Tiop exi>o*upe: b, Jateral 
exiHwure. 






^ loiter, Cane 2. l,orcer colter mass In rlcht euperlor medlaaOnuni. 

Intmthoractc, and no dleplacement of tmchca or ewophAffus. 
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on swallowing. Mediastinal Hodgkin’s disease (k’ig. 7) should ahvaj-s he 
considered and associated cervical and otliei- nodal involvement should be 
carefully looked for and a biopsy done if possible. If a biopsy is not feasible, 
and there is still a good ])os.sibili1y that the disease is Hodgkin’s, a therapeutic 
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x-niy treatment may be given, rvith n rapid regression of the size of the mass 
, being accepted ns diagnostic, ildwever, wc arc in favor of the growing trend 
foirarr! adjdsing c.vpioralioij in order to obtain accurate pathologic diagnosis 
in all of these conditions. 

If there are clinical findings such ns a bruit over the upper mediastinum, 
. abnonual pulsations in the neck, or altered blood pressure in the upper e.\- 

■ trcinity, or fluoroscopic evidence that this mass could be a vascular lesion 
, ' (Pig. 8 ), it Is best to carry out angiography to make certain of the dingno.sis 

,, had detcriaine accurately what ves.scl Is involved. AVithout this preoperntive 
knowledge and the jjropcr approach, an aneurysm of this type can be easily 
• niptared during e.\ploralion. .Such a study would entail retrograde artenal 

■ entheferizntion and an angiogram. Neurofibromas and ganglioneuromas are 



PIff. 8.—Aneury»tn of the lonomlnatc arlerj-. 

^turnon nt this level in the niedinstuiiim but lie pni'nvei'tchrnlly in the lateral 
.^posure (Fig. 9 ^ ^ Teratomas often lie m the same mediastinal plane 

ol frequently can be differentiated by demonstrating roentgen- 

Ihe presence of bone or teeth in one of the exposures (Fig. 10, a and 
are ^o^isidered all of these possibilities and having done what studies 

tirifl fiJid possible, }iowev€t\ the diJTerentm} diagnosis may still be 

® ermined at the time of exploration. 

pres^^ masses produce lower tracheal and main-stem bronchial com- 

^ ion and the symptoms produced may progress to serious x>ropoi'tion 8 . The 
patient was experiencing serious obstructive s;>'Tnptonis and it is well to 
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Flfc“t ffiroZstcrlo'rSposu^li’rm^^^^ " 


. , (.-nr-heal deviation to 

jfig. G.—Large Intrathoraclc goiter with marked tr 
the cervical route. 

jrjg, 7.—Mediastinal Hodgkin’s disease. 
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ttintmlKir thnt BUcli nu obsti'uction nssocintcil with a tvuo, eoini)letely iiitm- 
llioracic gnitei- I'lmnot l)C rplicvpil l)y im pmprgcney tniplicotomy siiieo the oli- 
Mrnctinn is below that point. If the patient is nllowed to progrcus to n eritienl 
|k)inl of lower tracheni colinp.so niid complete ohstruetion, if will he too Inte 
to (16 any tJTie of fiiirgerj- thnt will be sufllciently raitid to save the patient's 
life. In these trcnicndoua goiters of this type (h’ig. 11, n and 6 ), the trans- 
thomcic resection is a long and haitardoiui procedure. This is due primarily 
. to their e.xtensivc vascularity and their close reliitionship to the major niedi- 
Mtiiml structures. This third jjntient wn.s operated on by the transpleural 
approach bccnime of marked olwtmetive .sj-mptoms and heeause an attcm])t 
had pretiously been made elsewhere to remove the goiter through the neck, 
with failure, owing to severe hemorrhage encountered and to it.s tremendoiw 
size. . 



goUcr. Cone 8 . n, Tnooendoup goiter fUllns eupertor medlastlnani 

oent upper tlioouc, a, LntonU rxporure ehowlnc tho anterior position of the mass. 


th ’"'esthetic must be administered by .skilled and experienced anes- 
. e sts who will be able to cojjc with almost any type of respiratory obstnic- 
\on or circulatory collapse throughout this lengthy procedure. Intratracheal 
esia is used, as in all other types of thoracic surgery, 
the tf apiiroach is made, resecting the sixth rib and sectioning 

*""1 seventh ribs near their transvei'se processes, giting a wide ex- 
f'"’ upper thorax. This transpleural approach is done through the 
'''‘"I since the greater proportion of the mass extends into tliis thorax 
tn "'^^bastinal extension can be dissected under better risiou without 
“uiiteriug the aortal arch wiiich would obscure the exposure from the left 
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Ftp. 9.—MertldPtlnal neurofibroma, a. Anteroposterior expo.sure: l>, lateral exposure showing 
IJosterlor paravertebral position of mass characteristic of this disease. 
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It becnme obi-ious that some other method of increasing the raeiliastinal 
exposure u-ould be necessan,- if this large mass was to be removed ivithont a 
fatal hemorrhage. To accomplish this, the azygos major vein was doubly 
bgated and sectioned, permitting the superior vena cava to be retracted 
farther anteriorly, and the cleavage plane of the anterior surface of the goiter 
was then established. There was extensive vaseulai-ization at both the su¬ 
perior pole, which is the usual source of the blood supply of intrathoracic 
goiter, and the inferior pole, with marked venous sinusoidal vascularization 
of all surfaces. So far as po.ssible the blood supply was controlled under di¬ 
rect r-ision, but in its more extreme exteiusions to the left side of the medias¬ 
tinum and behind the arch of the aorta the cleavage planes had to be followeil 
blindly by blunt dissection with the fingers. Severe venous hemorrhage was 
encountereil and even with the ma.ss finall.v ont of the way. it was impossible 
to secure this bleeding by clamping, tj-ing. or suturing. It was finall.v se¬ 
cured with five O.xycellulose packs, measuring 3 by 3 inches. The mediastinal 
pleura and the thora.x were closed, leaving an intercostal entheter for .suction 
drainage of the pleura. 

The patient made a good rccovcrj'. the lung re-expanded promptly, and 
there was no late effusion. On the tenth da.v, however, the patient began to 
run a septic t.vpe of fever, with slight lencocytosis. and by roentgenologic 
fxamination the mediastinal shadow remained widened. After some days 
mediastinal pres-sure symptoms developed and she was therefore taken to the 
operating room and a large mediastinal ahsce.ss drained through the .supra¬ 
sternal notch. The culture was hemol.vtie Staphylococcns anreits, an infection 
which was almost certainly superimposed upon a hematoma and the large 
Quantities of foreign material, the O.xycellulose, that was used within this 
mediastinal space. For these same reasons it is veiy probable that it would 
have been good judgment to have drained the mediastinnm through the neck 
at the close of the operation. 


CASE RETORTS 

Caac 1 (Kiff. 1).—The pntient wan a nwui, npod 53 jeara, who had had no svmptomj'. 
“ *nedia*tinal raatw waa dificorered on routine x-ray eheet mrvey of ompIo^'Oee. Physical 
•^^Inafion was easantlally nefjative. The roentgen report was of a circumscribed moss to 
^ fight of the upper raediftstinum nnd slight dcriation of the tnirhea toward the left. It 
flerated on swallowing nnd did not Interfere with the csophatjns. There ^^ls also on- 
of the left hilar region. Tlie findings were consistent with lymph node enlarge- 
probably Hodgkin ^s dlKeaae, 

. operation, the sixth rib ^ras excise*! subperiostenlly and tho fifth and seventh sec- 
^ posteriorly. An adenomatous goiter mnas, 7 by 6 by 3.5 cm-, lying in the angle bo- 
the trachea, superior vena eava, and aiygos major vein, was excised. Some large para- 
•dieal lymph nodes were also excised. The pathologic report was multiple colloid ad- 
goiter (70 Qm.) and tuberculous adenitis. The patient made an nneventfol 


^ Cast 2 (Fig. 4).—The patient wns a woman, aged 46 years, who had had no symptoms, 
a routine check-up examination by the family physician, a roentgenogTnm of the 
showed a shadow in tJie right lung field, and further investigation was advised. The 
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side throughout the greater part o£ the dissection. It is also most probable 
that it is the aortal arch that limits the extension to the left thorax to some 
extent. These goiters have extended behind the arch but not often lateral to it. 
In the huge goiter removed in this manner (Fig. 12), the portion of the mass 
extending into the njrper right thorax was freed suhpleurally wthout much 
difficulty, with the exception of the management of extensive venous simise.s 
over the entii-e surface. The mediastinal portion of the inas.s uas wedged 



vessel? anti trachea. 


firmly in a plane with tJie lower trachea, carina and inain-s em r gjjj.e 

teraorly, and the great vessels anteriorly. The right me j^^ygos 

showed the mass bulging from behind the superior vena ca’i a^^au 
major vein, compressing these structures anteriorly. The goi ei 
bulk and wedged in so firmly between the planes of the 
the great vessels that it was impossible to deliver it ^ of th? 

safely. In an attempt to apply Di’. Lahey's principle that ^ ^^^g-gjgntlT to 
mass could be evacuated, thereby reducing the bulk of t e nia into 

deal with its capsular remnants moi’e effectively, the mass u ^p^gisfency to 
vi.th the finger. However, its central portion was of too evacnatiiiD 

make this maneuver possible or to reduce the bulk of t e ™^^^g*^pgouutered 
its central portion In addition to this, marked hemoii order to 

ndthin the mass, necessitating packing udth Oxycellu ose g 
control the bleeding. 
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tkm of it, but ill ndditlon ulic hnd this lingo niniig liero, in tlio right nictliuBtinum nud n aniQll 
one in the left chest \vnll. Symptoms were those of racdinstinnl tumor. TJio first thing we 
did was to remove this sninll, chest wall, hiinor moss which proved to bo on extmplenml, 
mcapsnbited, noorogentc tumor. Several months later the medinstinnl tumor was operated 
on througii ti posterolnteml incision and a Imge mediastinal adenomntous goiter was removed. 
Tliero was no comnmnirntion between this and the substemal goiter which lay in front of It. 
Vea ejin see from the specimen thnt it is conii»lcloIy encapsulated above and the substemal 
goiter enme down in front of it. 


DH. ABTITUR S. W. TOUROFF, Now York.—1 would like to point out that since radio 
isotope* havo become avnilablc, the diagnosis of intrathoraeic goiter ran Ik* made in pmr- 
ItcalJy 100 per cent of cases. During the past year, our Department of Medical Pln-sics has 
stndlcd thirty-four anterior and superior mediastinal tumors, of which twenty-one were proved 
to bo thyroid tumor*. Tivonty of the twenty-one gave positive results on radioactive iodine 
“tracer studies,” Tlie mdiologic and clinical diagnoses in these cases inclndeil such lesions 
as aneurysm of the aortn^ neurofibroma, dermoid, and csoplingeal dilatation. There was one 
rase in which an incorrect diognosis wna nmtie. This wan n case of very tliin-walled colloid 
rjirt in which there was no functional thjToid tissue present. In any mass in which functional 
thTToid tissue is present nil tlmt is necessary to make the diagnosis is to give the patient a 
JosG of radioactive iodine and then pass a OcipT counter over the region of the mass. Ah 
won as one hear* the characteristic ‘^clicks,” the diagnosis is made. 


DR. DKRYL ITAHT, Durham, N. C.—I uwnt to report n recent operation, tlie patient 
ttill in the hospital, primarily to urge tlmt if the surgeon is cartnLn tlmt ho is dealing \vith 
an iotrathomcic thyroid which cannot In? remove^l through the nin-k or if he cannot rule out 
a th\TOi(l deriving its blood supply from the neck, tlmt the patient Ik* in such a position that 
tbe surgeon has ready access to tlie neck anil the chest. It is hard for me to sec liow the 
blood supply orlginoting from the thyroid vecsels can l>o controlled through the thoracic ap¬ 
proach. 


Our patient, ngetl 79 jxwirs, hnd nn intmthoracic tumor, which in seven year* had in¬ 
creased only 2 cm. in diameter. On admission she had on intractable cough, complete paralysis 
of the right vocal cord, almost complete paralysU of tbo left, and was guiTering from severe 
rwpirotory emharrasament. It was our impression that the lesion was benign, prol^nbly thy- 
wld, iKtfsIbly a dermoid, but definitely not an aneurysm. Because of the site of the tumor 
in the nliseneo of a palpable mas* in tbe neck, it was approached through the right cheat, 
with the neck exposed. Wc found it to be thyroid hung poatcrior to tho great vessels, 
of its location and sire, I do not see bow it could have l>een removed satisfactorily by 
'Tutting the sternum, but it \niB readily occessiblo by nn anterior right transpleural approach. 

tumor in tho cheat was diasecteil freo and it was detennini'd that there was a i>odicle 
Mtcndlng Into tho neck and thnt all of its blood supply enmo from the neck. 


Through the usual thyroid incision the enormous sup4*rior pole vessels were divided and 
*5^ The thyroid Isthmus was split but it impoesiblo to expose the inferior th>Toid 
or the lateral vein, since the tljjToid mie anchored to the moss in the mediastinum 
'bkh prevented dpllr-ow^ _/ *t... 


io the 


prevented delivery or rotation of the thjToid pedicle In the neck. By applying pressure 
• tnsss within the cheat and traction on the pedicle in the neck the mass was delivered, 
procedure avoided tension on the blood supply. After tlie mass was delivered, further 
procedure was os for nny lai^ tliyrold. By this doable approach we had tho blood 
y under control at all times. Her respiratory obstruction was relieved immediately. We 
not as yet examined the vocal cords for return of function, but sho is making nn entirely 

‘"»«twtory convalescence. 


^ R. FREDKRIOK G. KERQIN, Toronto.—Thera seem to be three groups of patients 
thorn^^ this genernl group,• one is the patient who has the obvious goiter which is intra- 

Ihen '^bich It is possible to remove from the neck; but if one fails to do so one may 

•plit the sternum and remove it by combined approach (slide). 
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nidiolopist’s report was a Ipbulatod soft tissue iimss in tlic right upper tiiorax extendiag onl 
from the mediastinum anteriorly. It did not press on the esophagus or trachea. It could 
liavo been an unusual mediastinal tliyroid adenoma but was more suggestive of a dermoid. 

At operation, a right posterolateral tmiisthoracic approach was made. An adenomatoiu 
goiter mass, 9 by 8 by 5 cm., lying above the hilus of the lung, was e.xcised from the medias¬ 
tinum. The entire blood suj)j)ly entered at the inferior pole of tlio mass. The pathologic 
report was multiple colloid adenomatous goiter; it weighed 190 Qm. The patient made an 
uneventful recovery. 

Case 3 (Fig. 11).—A woman, aged 53 ycar.s, had the chief complaint of rapidly increas¬ 
ing difficulty in swallowing and breathing. Thyroidectomy had been attempted twenty years 
before entry. Two years previously a substeriml goiter was found on roentgen e-vamination. 
She was told following the previous operation that it was impossible to remove all of the 
goiter because of severe hemorrhage and the trcnicndous size of the intrathoracic extension. 
On physical examination there was moderate stridor and engorgement of the superficial veins 
of the upper thoracic and cervical region. The radiologist’s report utis as follon-s. In the 
upper mediastinum anteriorly there was a large, sharply circumscribed mass which filled the 
entire upper third of the rigid tiiorax and extended across tlic midiine to the left lieliind the 
aortic arch. There was no significant deviation of the esophagus or trachea. This mass 
showed no pulsation. Impression was a large mass in tlie anterior mediastinum and right 
upper thorax witli some extension to tiie left. Lymphoma had to be considered. 

The oponition and clinical course were as de.scrilied ])roviously. The pathologic report 
wa.s multiple colloid adenomatous goiter, measuring IS by S.5 by 7 cm. The specimen neighed 
700 Gm. 

In conclusion, comitlclcly intrallioracic goiter is coiiinion nncl even te^ 
large ina.sso.s np to J,000 Gni., in a large majority of cases, can be 
through the neck hy emjtlot’ing Dr. Ijahe^y’s maneuver. However, in not a o 
the.se oases is it technically possible to use this approach and these w r® 
quire transthoracic resection. Others that lie ])articnlarly low in t e nie i 
astinum will also require excision transthorncicnlly hecanse they canno 
distinguished from other types of mediastinal tumors. 

The technical pi-oblems involved in transthoracic excision of . 
tremely large completely intrathoracic goitei’s are chiefly those o o 
adequate mediastinal exposure and control of the extensive ^ ^ad^ble 
Drainage of the mediastinum through the suprasternal notch is a a 

UK. KICHAKD 11. MKAIIF, .Ill., Grand l?ui)id.s.— I want to certain 

for lii.s excellent presentation of tin’s problem, nnd to omplmsize t le . jj,e neck 

cases it is impossible to control the blood supply to a substemal goiter b 
(slides). Xrny®^’ 

This first patient had an ordinary' goiter wliicli troubled her a concerned witli 

amination of the chest showed this extension below. Because she with renipvnl of 

the cervical goiter than the mediastinal one, a combined operation gfernum. 

the cervical goiter tlirough tbo usual incision and the other Uirough mediastiunn', 

It was thought at first that the goiter was continuous, both in the nec an 
but we found when we dissected the speciincu that they were two fibrous memhmnc- 

ting their blood supply from two diiTercnt areas. They were joined ly 
There was no apparent communication between the vessels. fjjgg- 

In the next case tbo problem was very i her. 0.. P'f 1™ ” 

nosis. She had a goiter of 34 years’ duration, nnd wo knew ther 
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Iho opomlioii \vnH Ocnd. Another doctor In the nrcn WTote to mo and fmid ho rcnicmlwred 
tlio me and that ho felt «lie was dofiidteh* toxic nt the time. Ono wonders Tvljethor there 
had l)een anj rom|ionsntory enlnrponicnt of thla piirtirulnr nwlulc following removTil of the 
colter in the neck- 

The po^t-mortom mse, which 7)r. John Fisher of our imtholoRic department recnllml for 
me, was a woman Ofl jmrs of ajre who had dithl of ecrehrnl hcmorrliage. She had ft large 
distinct raetliastinal moss sitaftte<l low down. She also Imil a Iiistorj' of liavlng a 8ul)totnl 
Ihjroldectomy years Itefore for a toxic thyroid, Imt there was no ilelailed liistory witli rc- 
ffnnl to that. 

I a-ondor whether any of the oilier cases n'|>orte<l—J>r. Adams’ cases for instance— 
Lave had previous tlijToid o{>emtions, ami what po^sll>Ie signlflcaiice tlint might have. It 
seems strange that Imth the e.xnmjdes we have eneounlrretl have had previous openitions 
pcrfomieil. 


DR, KRNKST JANK8, Ilnmllton, OnU—This H a rejmrt of a patient presente<l la foro 
Ihif Association in IJI.IS. At the nge of l!8 years, in 10.10, she limi a thyroidectomy performed 
I'Crnuse of a toxic adenoma. At that lime one n<lcnomn nla>ut tlie size of an omnge, retro¬ 
sternal, was removefl tJjrongJi the cendrn] route, .’^he presenteil JierseJf ognin in MareJj, J93S, 
complaining of dN’apneft and tacliycnnlla which had 1^*00 coniing on for about five montlu*. 
The thyroid was not cnlnrgetl. X-my examination of the clietst showed the right side to l>e 
oiaqoe, but after removnl of 2,000 c.c. of mthcr bloml-stolncHl fluid and replacing it with nir, 
It was possllile to demonstmto a large tumor mass in the anterior rai.‘<lin3tinum, which was 
rrotrudiog fomeulmt toward the right. A definite diagnosis was not mndo but because she 
appeareil slightly toxic she was Lugolitetl, and In Kovenil>er, 1038, oj)eration was carried out. 
The approach was made by removing nlKiut one Inch of the second rib anteriorly, separating 
Ills parietal pleam, and then dividing tho third nnd fourth costal cartilages. The ribs were 
tken crnekeil in the anterior axillary line nnd a window in tlio chest thus opened. Tho 
penctal pleum wan gtri(ipe<l out without fearing it, nnd an oblong tumor was shelled out from 
tLe anterior nietliastinam which measure^l about C by 4 inches; n second small ono, nljout IJj 
Ijy J inches was removed. Xo blood supply wns eneounteroil, tlicre u-ns very little blcofllng, 
no blood vessels had to l>o dealt with (slides). 

This slide is shorni to demonstmto tho size of the tumor, with tho smaller tumor lying 
to it. The microscopic section shows it to Ik* thjiToid tissue. 


MTiethcr this is a tumor which migmte<l from the nn’k into the chest or whether it 
* 0 d be called abermnt thjToid I do not know. I think the absence of any demonstrable 
' ^ supply suggests that it might itaoslbly I>e nn aberrant (hjToitl. 


j DH. ADAilS.-—I appreciate very muchJhose interesting comments. Briefly, with regard 
dlsgnosLj I think Dr. Toumn’’8 suggestion of using mdioactivnted loillnc with a Geiger 
'^ter would certainly lx: n verj* definite and valualde addition to our diagnostic methods, 
ith regard to whether these completely intratUoraeic goiters arc truly aberrant, or 
er they have dctachcil tlicniselvca from tho thyroid in tho nock and descended into the 
^ *9tiQum, I believe it will be difficult to docido definitely ns to their origin in any given 
I think, in addition to that, ono must be prepared to cncoantcr and to deal with almost 
type of vascularity; some of these, have had their full supply from tho inferior pole, and, 
^ ^ the majority tho major blood supply comes from above. I think it would dc- 

fdt size-nnd consistency of tho intmtiiomcic extension whether or not 3 rou 

t «teoa the incision into the thorax. In tho medinm-sired ones I am sure that 

^ Uff the sternum, will give very satisfactory exposure. In tho extremely large ones I 
the best approach Is tlio right posterolateral transthoracic approach. 
i. these throe patients had had a previous thyroidectomy; that was the one whose 

Kenogram simulatcHl mega-esophagus in appearance, and it was completely unconnected 



752 


THE JOURNAL OF THORACIC SURGERY 


This is such n case; tliie to ndlierence of the tliyroid in the chest and mediastianm, 
wo could not remoTC it safely, so the sternum was split and it was then removed with ease. 
The next group arc those in which one knows the nature of tlie tumor, and elects to do a 
transthoracic approach. Here is a patient who obviously had a goiter l}ing behind the trachea, 
a patient of Dr. Robert Janes; in which he elected to do a right transpleural approach and 
found that the operation was accomjdished with case. Again, there are patients in whom the 
thvToid presents ns an intrathoracic or mediastinal tumor, in which one can suspect its nature 
but cannot reach it through the neck. In the next case, the tumor lies in front of the heart, 
with calcification. "We diagnosed this ns an intrathoracic ectopic goiter, and did a trans¬ 
pleural approach from the right side. The next slide shows a similar case in which the goitM 
lies in the anterior mediastinum, again with calcificaton, on which we have made this diagnosis 
but have not yet removed the goiter. I think that with this group there is no chance of reach¬ 
ing it through’ the neck, and primarily a transthoracic approach must be made. 


DR. E. E. AVERY, Gliicngo.—I had two questions to ask Dr. Adams; the first on how 
to predetermine the diagnosis of substernal fhjToid was answered very nicely by Dr. Touroif. 
In the future, we .shall remember to use nidioactive iodine in the differential diagnosis o 
superior mediastinal masses. The second question deals with the aberrant blood supply to 
those tumors, and I have two cases from Dines Hospital to illustrate this pro em. ‘ 
slide reveals a right superior mediastinal mass. The work-up gave no 
that this was thyroid tissue. Tlic approach was by the fninsthoracic roii e an 
enomatous thjToid was found which derived its major blood supply from the r g 

In the second case, the chest film was similar. Tlie 
palpation and the basal metabolism rnfes were normal. Exploration ^ ^ 

traiisthoracic route, and in this case the frozen section revealed Ja 

roid. The blood supply to this tumor was derived both from tlie mferi 
a largo branch from the right internal mammary. mpitiastmuni 

I want to ask Dr. Adams how often thywoids were found in 

in this large series of cnsc.s, and what vascular suppl.> has icon „,n-fniitv due to severe 
roid,! Pori,op, „ duo to tl.i, onsoor migl.t bo in tl» n.orM.ly ,i., ,0 

hemorrlm(,;o follo\ntig reniovni of these thyroids tliroug i tic iicc 

vero bleeding could bo encountered if one of the.so ve.sscls were torn. normally de- 

Tim transthoracic npproacli is not ideal because the , un^into the nech, hoa- 

rived from the inferior thyroid vessels and the tumor usun } ^ qm tmnsthorflcic 

ever, the procedure can be continued through the usual thyrou ’"‘j’ j],p ysnal thy- 

portiou has been completed. Perhaps a more direct attack < on ( superior niedi- 

roid approach and then .split the upper portion-of the sternum 
astiiium. ^ 

DR. A. J. GRACE, London, Out.-There is one ^ our hosph 

senting one operative case and one post-mortem case m abo , Islldo). The pahe 

tul. The operative case was typical of several that have been pro Eennedy-^I iras 

was a woman 33 years of age, whose work-up had been one j seen is tyP’*'®’ “ 

called in to operate for an imdiagnoscd mcdiastinul tumor. ^ 2 bv 2 by 2-5 inohos a® 
several that have been shown; after removal it omu There was no 00 a 

weighed 50 Gra., and was diagnosed pathologically us a colloid a surnmaden 

nection between it and the tissue above that we could discoverluim 
by areolar tissue, and to lie against the lowest part of t ic r.ic 1 

ately against the upper part of the azygos vein. total thyroidectoml' 

Tber. „„c p„l„. “ tr... "T.S 

in n smaller liospital four and one-half years prcMOUS >. doctor who had 

that hospital had burned down 'when I wrote for recorc s, a 
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peritoneal eanala, connmuiiente emiJnlly ivilh the priiiiordiuni ot the peritn- 
nenl cavity. Ventrally the l)onler« of the envitiea are limited l)y tlio |)riniitivc 
septum trnnsveraiim into whie.li tlie liver ({row.s and tliroutrli which the i)rimi- 
tive veins enter the sinus venosus of the heart. 



flfr. li—Sectlon of a 30 mm. Iiumon fetus showlmi befflrmlna fold Jn the mmUrU wall of the 

pleural cavity, 

As the embrj’o grows, the lungs hegin to form ns definite projections from 
the ventral wall of the primitive pharynx. Coincident with the heginniug 
“f the lung buds, the pnlnionary ridge, a fold of tissue Ijdng internally to the 
common cardinal veins at their junctions with the lateral ends of the seiitum 
tmnsversum, becomes divided into two folds. The fold growing niesinlly, ven¬ 
tral to the developing lung, cuts off the plcuinl cavities from the pericardial 
rarity by forming the median part of the pleuropericardial memhrnnc. This 
ocenrs during the 5 to 10 mm. stage of development. That part of the fold 
caudal to the lungs grmvs mcsially and closes the communication between the 
pleural and peritoneal cavities. As a result of these changes, the lungs lie in 
the primordia of the dorsal parts of the future pleural cavities. These folds, 
"■hieh separate the pericardium from the pleural cavities and the pleural 
cavities from the peritoneal cavity, are free growing and do not invade semi- 
'U'lid connective tissue to form cjadic spaces. 

Ilovvevmr, beginning at about the 15 mni. stage, the lungs enlarge and 
"'ith this enlargement the ventral ends of the iirimitive ])lcurnl cavities begin 
t° grow down into the mesenchyme of the lateral body wall between the meso- 
Ihelium of the pericardial cavity and the ectoderm of the primitive thorax. 
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Treatment .—Because of the many difficulties in preoperative differentiation 
of intrathoracic masses, exploration should he earried out luiless clinical evi¬ 
dence points to a hopelessly inoperable condition. This viewpoint is vsddely 
shared by many writers. Harrington,^® as early as 1929, had removed nine 
benign tumors and had no deaths or ill effects from the operations. He advo¬ 
cated at that time complete removal of benign tumois in the thorax before 
they could undergo malignant degeneration or cause death from pressure. 

Alexander^ cautioned against delay in removing intrathoracic tumors and 
lay particular stress on the circumscribed neoplasm which many physicians 
assume to be benign and hesitate to remove. 

Heuer and Andrus,” in a .survey'^ of their cases, found that the benign 
cy^sts lend themselves to surgical removal and that the size of the tuinoi is 
unimportant since very large tumors, though they present mechanical piob- 
lems, are quite often easily removed with little effect on the patient. 

There are three reasons for exploring all intrathoracic masses unless ob 
viously malignant and at an inoperable stage. In the first place, no mass can 
be confidently- considered benign without a biopsy. In the second place, t e 
mechanical effects of a space-consuming lesion on the physiology of lespira ion 
and cardiac action must eventually become important and he expressec m 
symptoms. In the third place, some benign lesions, such as deimoic 
may cause complications later by rupture into the bronchus or the p euia. 
miLst lie rememhered that an accurate ])athologie diagnosis cannot e ma 
\vithout exploration. The safety of modern intrathoracic suigery maces 


reasoning all the more valid. ^ , 

Etiology .—^At least two theories of pathogenesis have 
Lamhert” pointed out that during the development of the 
appears early a series of disconnected lacunae in the mesenchymie lo 
and central to the primitive streak. As the embiyo develops, these 
large, gradually merge, and condense to form the pericardial ce om v i 
sists temporarily as an independent cavity. Eventually a connec lon^^^^ 
between it and the pleuroperitoneal celom from which the pleura 
neal cavities develop. The ligamentum transversum and ducts o 
the connection between the pericardial celom and pleuropeiitonea c 
also divided the pleuroperitoneal celom into pleural cavities a 
peritoneal cavity below. Failure of these normal processes o 
have been noted such as the familiar congenital hernia of the ^ V^^j.ppevito- 
results from failure of the ligamentum transvereum to divi e 
neal celom into pleural and peritoneal cavities. Lambeit con en lj,g^,nae 
reported cysts are probably due to the failure of one of t e jiide- 

to merge with the, others and its persistence and ge lesions as 

pendent cavity, forming a cyst. Lambert therefore designs et 


“peiicardial celomic cysts” and Laipply” agreed. pointed 

Another explanation of these cysts is suggested by Endred. ^ e,.jginal 

out that the dorsal parts of the pleural cavities are derivec i om pjguro- 

dorsal regions of the primitive pericardial cavity. These regions, 
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Koncnclalurc .—It is nl\vn.\*s confusiiijr in thr disfussion of ])nthoIopic le¬ 
sions when uniform Icrminnlojjy is not einplnyed. In the ]>i'esent instnnce, 
this fact is amj)ly {lemonstrnted. In nniiiin^ a lesion of pi'osumnbly congen¬ 
ital origin the probable soiireo of the ai'iionunl tissue nuiKl be considered. 
The reason for inultij)lc names f<tr fhiw mediastinal cysts lies in the failure of 
ogrcenicnt on pathogenesis. Kindred k explanation of llieir origin seems a 
rensonnbic one. "Wo, therefore, suggest that a name be chosen which recog¬ 
nizes this contribution. The name “mesollielinl inciliastinnl e^Tit” fulfils this 
requirement. Tt is urged that this iinine be ndoj)tcs] in future reports of this 
disease. 
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niRCiJ.s.sioN 

Hr. GEORGE F. SKTNNER, Saint John, Now BrunHwick.—I hn\-o l)Ocn infenwly 
Intcrented in this diacuwion, Jsvnujm In Olober, J9.30, in the Joumnl of tliw ^Yssoclntlon, iro 
frported a raiw* obrioualy ainiilnr to this one, un«ler tlio title of “Medluatinal Cyatic Lj'iu- 
phangiomo," "We wore not entirely w\tiafie<I with this dlagnoHiM iu spite of tlio fnet that It 
■^pporfotl by screml pathologists incluciliig Tnmor Registry. At that time we could find no 
^•Dillar care ]n tho Ainerienu literature although the possibility of hupIi u tumor uns inon' 
tionfil. There were a fuw reports In the Oeminii literature. 

A 4-year-old boy ams ndmittiM on account of respiratory em!iiirmw»nieiit. Tlio entire 

Bide of tho rlicst irns After nspiruting tho pleural fluid, Iwo-thinls of this side 

^ seen to 1 k) filletl with a multiloculate)! cystic tumor. On cxplomtiou tlio fuiiior a-as found 
to 1 m) compojtfHl of numerous cysts ranging In sin' from 1 nun. to 10 cm. It was easily 
^^nitcti from tho upper inc<iliistinuni, tho vena ciu'u, the periranlium, and from tho lateral 
Portion of tlio dinphmgm, but in the nngin Iietween tho pertcunUum and llio diaphragm very 
appenrefl to Infllfmto into the li/wucs. In spite of lining forwl to leave Mimli c^'sfa 
‘*1 this angle tho Itoy was well and sIiowcmI no sign of nTurrt'iico when e.tiimiiie«l leu }*ean! 
«bpr the operation. 

Dr. CONRAD R. LAM, Detroit.—T should like to present a case alilch aill sliow tho 

^elopment of sudi n cj-st, In a patient 28 years old at tho limo of this rooutgenograni, who 
^ operated on.ten years after theso films wore mado (slides). TlinH) yimrs later, the shadow 
^ increased in sixe and a diagnosis of congenital hnirt dimMise wiis made. Ijiter, tho patient 
^ ^opt in 1)^1 }>ecaujto sho mui presumeil to have ii In'inendouHly ealargiNl heart. Tlio cyst 
^dy retnoml througli n riglit sixth interspace Incision. 
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Piimovdia of the rilis and intercostal muscles grow into the mesoderm lateral 
to the enlarging ideural cavities. Internally, the mesothelinm of the pleural 
cavity comes into close contact with the me.sodei'm which is external to the 
mesothelinm of the pericardial cavity. Tluis, the enlarging ventral parts of 
the pleural cavities meet opposition as they grow. From such a method of 
growth, it is conceivable that unequal areas of enlargement may occur and 
folds ma}’- be present in the wall of the advancing pleural cavities. Such 
folds may be obliterated with later growth, others may enlarge at the same 
rate as the growing pleural cavity. AYhen the latter occurs, it is possible that 
such folds may be cut oif and form cystic sacs around which connective tissue 
can be laid domi in the same manner of the lamina propna of the pleura. A 
morphologic condition which lends evidence to this view has been observed in 
the medial wall of the pleural cavity of a 30 mm. human fetus (Fig. 12). This 
fold is lined with simple squamous epithelium and is almost cut off from the 
]mrent cavity. It forms a narrow fold which eases the .surrounding mesen¬ 
chyme to project into the parent cavdty along its ventral lip. If this con¬ 
dition persists, a saelike e 3 'st would develop and could project either into the 
pleural eavitj’- or the pencardial cavdty. Such ej'sts could occur in any re¬ 
gion of the pleura which has been derived from the secondary invasion of the 
body wall hy the pleura. The distribution of the cysts reported have ahvay.s 
been found in regions which have passed through morphologic changes during 
development as described previously. 

There seems to be no necessity for a.ssuming that the cy.sts are derived 
from per.sistent infracardiac bureae or their abnormal outgrowths, .since cysts 
derived fi-om such sources would lie in the region of the esophagus, at the cen¬ 
tral tendon region of the diaphragm. Nor does it have to be inferred that 
these cysts are remnants of unabsorbed vesicles from which the piinntne 
pencardial cavity^ is formed. The latter are too delicate and occur too earl) 
in development for contribution in the formation of such ej'sts. 

The morphologic evidence available, therefore, .suggests that the.se cj.sts 
originate by aberrant gi-owths from the mesothelinm of the pleural canty as 
it invades the mesenchyme of the body wall. Whether or not hydiostatic 
pressure contributes to their formation is not known since no measuiemeii • 
hoAm been made of the fluid in the pxdmitwe pleural cavities. It has lec' 
suggested in the previous discussion that with the separation of the pleura 
cavdties from the pericardial cavdty, the pleuropericardial membrane is gio ^ 
ing into a free space and is not likely to have its free groiving margin moc i ej^- 
Howevmr, if the ]>leuropericardial membrane should grow more rapic 
normal and fold on itself before it fuses with its fellow to form the 
pleuropericardial wall, it is conceivable that a sac could form posterior o 
heart in the regions of the great vmssels and the bronchi. This region ^ 
compressed during development and the subajacent mesenchyme 
so much differentiation into the cartilage of the lironchi and the 
musculature, the cysts in this region should be relatively raie. uni 
theory seems less eas 3 >^ to accept. 



INTERCOSTAL, INCISION IN TRANSPLEURAL OPERATIONS 
Joseph A. AVEiNnERO, JI.U., and (nv ixvitatiox) At.vin R. Kraus, JLD. 
A'’an Nuys. Calip. 


W IDENING of tlic scope of tlioracic anrpoiy Ims directed nttcntion to the 
lessening of niorl)idity ns well ns morinlity. The type of incision for ap¬ 
proach to the thomcic envity, thoupli seldom viewed ns n major problem, has an 
important benrinp on the morbidity nttcndinp tborncic operations. 

In nlmost all surpienl procedures in which the pleural cnWty is entered, it is 
the practice to remove one or more sepments of rib or at lea.st to divide one or 
more rilw pasleriorly. This method has been responsible for much of the inter¬ 
costal ncnriti.s, inieiunonitis, and pleural eh’asion tbnl Is so common in any large 
series of thomcic. operations. 

In an cllort to lcs.son morbidity, .shorten the time of operation, and preserve 
the normal contour of the tbomeic wall, sve have used the intercostal incision in a 
variety of indications for thoracotomy. The results have been impressive. This 
type of approach has l>cen foiuid to lie universally applicable and is now used 
rontincly by us in imoumonectomy, lobectomy, segmental pulmonarj" resection, 
drainage of acute empyema and ])erieardinl emityema, dei’orlication of the lung, 
repair of the diaphragmatic hernia, tran.stboraeie vagotomy, and transdia- 
phragmatic splencctotny. It lias also Iteen used in resection of the proximal 
two-thirds of the stomach and distal esopbapiis. Other mcmtiors of our staff 
Iwve tised this same n[)proneh in tboraeo-lumbar sympnthectomie.s. 

The advantage.s of the intercostal approach ate mote than facilitation of 
“jiening and closing the thoracic wall. A comparison with eases in which resec¬ 
tion or posterior dinsion of a rib was performed I'cveals a definite difference in 
niorbidity, with a lower incidence of i>neumonitis, jileural effu-sion, and jiast- 
oiierative intercostal neuritis with intcrcastal incision. A further advantage to 
the patient is the preservation of the normal contour of the thorax. 

Intercostal pain is nlmost a constant factor with costal resection for e.x- 
IKWiro of the pleural cavit}'. This is due to irritation of the intereostnl nen’c by 
the sharp edge of the cut rib. Grimson,' in a report on l-W thoracotomies in 
which ribs were resected, stated that all patients had pain in the che.st, which 
Was most intense during the second week after operation. This iiiteieostal 
^iciiritis is such a common sequel to thoracotomy that some surgeons crush the 
intercoatal nerves above and below the incision* or inject them in order to lessen 
postoperative pain. In Qrimson’s series, the intercoatal nerve inferior to the 
weiaion was routinely excised or avmlsed and in some patients the intoreostnl 
aerve adjacent to the incision was crushed; in other's they were injected with 
cohol. None of these pi'ocedures effected definite relief. In addition to being 
aa obj ectionable feature per se, the paui also tends to cause splinting of the 


rnim me Deportment of Surgnrj*, BlrminKhom Veterana Administration Hospital. 

’vtth ths parmUslon ot the Chlot Medical Director. Department of ^IcIM an^d 
WrSaTi’ ' “5'mna AdmlnlstmUon, who aasumoa no roaponilblllty tor the opinion eipresecd or 
<lr»wn by Uie auUior. 

ht the Twcntj-elihU. Annuel Meetlnu of The American AaK>claUon for 
Snrgory, Quebec, Canada, May 31, Juno 1. 2. IWS. 
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Witli regard to the suggestion tliat there be a change in the nomenclature, I call 
attention to the fact that these cysts are close to if not attached to the pericardium and 
someone may suggest that they be called “para-pericardial” cysts. 

DE. F. A. HUGHES, JE., Mempliis, Tenn.—I would like to mention that the thomcie 
surgery staff at Kennedy General Hospital (Army) removed 14 of these cysts. One was in 
tlie left upper mediastinum. Twelve were diagno.sed on routine x-ray e.xamination and were 
asjTnptomatic. This group formed 20 per cent of tiie benign mediastinal tumors removed 
t)y the Army group. None of the cj’sts showed a connection with the pericardial space. 


DE. GUSTAF E. LINDSKOG, New Haven, Conn.—We have seen two of these anterior 
cystic lesions in tlie last year; one multiloculnr and one unilocular. They show in tlie wall 
definite histologic evidence of smooth muscle tissue and a mesothelial type of lining. I do 
not believe the pericardium contains any smooth muscle; if they were of pericardial derivation, 
one would not expect that they would show smooth muscle. These were deeply attached in 
the anterior costophrenic angle, and we suspect their origin from anterior, lymphatic channeb. 


DE. PLIMPTON GUPTFLL, Eochester, N. Y.—I would like to show a couple of slide.s 
showing findings very similar to those Dr. Drash showed. These were two men in the middle 
fifties, asjTnptomatic (sUdes). 

There is anterior displacement of the e.sophagus. There is a tumor 8 cm. in diameter 
with a smaE projection on the right side. 

It has been suggested by Mallory that they may have had an epithelial lining which was 
destroyed by pressure of the contents. The fluid content in both these cases was clear; chem¬ 
ical analysis was not made. 


DE. FRANK B. BEEET, New York.—I have had two of these cases and the structure 
of both was as shown in tiie last slides. No smooth muscle was found in either one. he" 
cently at The Veterans Hospital one was removed by Dr. AVylie, and it is the only one I 
know where a connection witii the pericardium was found. It was a t}’picnl cyst fillefl with 
the same kind of fluid and the opening in the pericardium was pre-existent, because it vas 
seen communicating with the pericardium by a very small stalk with patent lumen. 


DE. DEASH.—We suggested that the term pericardial cysts be dropped, because in none 
of our cases nor in any that we could definitely identify in the literature was there anf 
oomimmication with the pericardium. I am not sure that Dr. Berry’s case belongs in js 
group. His case sounds as if it might have been a diverticulum of the pericardium. 
of the cases that we operated upon the cyst came away quite freely. It had a verj m ^ 
blood supply and they were all covered by mediastinal pleura and apparentl} origina 
the mediastinum. We felt that the term mediastinal cysts should be used rather than t 
pericardial cysts. All of these tumors were against the anterior chest nail, but s lou 
connection with it. 


WUN'DFSO ANT) KILVITS; IXTKItCOSTAI, INTJSIOK IN' TIIOIW'OTOMY 
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midMapulnr line to the eostoeliomlrnl jniirlioii is useful for pneunidneetomy, 
resection of tlic upper lolic, ninl pnlmoiiniy (Iceortiriition. If the ineision is 
carried more nnteriorly, the internal ninninmiy nrtcr)' is ox]H)sed to avoid 
accidculnl injurj' to it. Apical .scpniciital rc.Mceliou is host performeil throuRli 
the third or fourth intcrapncc. 

The seventh or ciphtli interspace is satisfactory for vapotomy and the 
eighth is used for such proecdiu'cs as repair of ilinphrapmntie liernia and tinns- 



chert roentechoemm. 1>. KIrrt ilny portowmtlvfc ropnlr 
obKcumtIon of left coPtophrcnlc nnslc. c. One wcpk poKtop 
mosTi tomplete clenrli.s of tlio left pleural cavity. 


rcpnlr of <lln- 
jKwtopcrutIve, 















PreopernUvo cheat roentp^nofrram. 6, roent^nopram tuo day* postoperative, 

tranathoraclo venotomy. No evidence of plearal elTa*lon, 
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thorax and limitation of exeui-sion of the thoracic wall, thereby encouraging 
retention of pulmonaiy secretions with its resultant atelectasis and pneumonitis. 
Grimson referred to a foim of bronchitis associated Yuth dyspnea produced by 
accumulation of tenacious mucus in the trachea in fifteen cases of his series. 
This seemed to be associated mth pain and splinting of the thoracic wall and 
interference with coughing. 



Fig-. 1.—a, Preopemtive chest rocntgeiiogniin. h, Cliest angle!* 

transthoracic vagotomy, .siiowing silglit obscuration, of loft costop 

It is possible in most cases of intercostal incision to olitain accurate closi 
of the pleura, an accomplishment which is practically impossible t\ut n | ^ 
tion. The practice of approximating the ribs above and below the lesec e 
by encircling sutures, which is frequently resorted to, is surgically unsoun 
cause of the pressure of these sutures on the intercostal nert es an vesse s 
on the bone itself. There is good reason to believe that of 

the pleura is conducive to pleural effusion in the closed thorax. le 
trauma and inflammation, which is a necessam' consequence of a oUd ^ 
wall incision, is drawn from the thoracic wall into the pleura cavi 
pumplike action of the lungs in respiration, if a pathway for t le esea 
fluid exists.® With tight closure of the pleura, the escape of the ui 
free pleural cavity is definitely minimized as sho^vn by ijemia 

in such procedures as thoracic vagotomy and repair of diap n Ron 

(Figs. 1, 2, and 3). , .ectable car- 

In four patients who had exploratory^ thoracotomy foi nonres 
cinoma of the lung who have come to autopsy’ some mont is a ei, 
accurate healing with almost imperceptible pleui’al scar. 

The location of the intercostal incision depends upon the |]ie 

perfonned. An incisioil in the fourth or fifth interspace exten 


WKIN'Iirail AND KRAUS: INTHHCOSTAI. INCISION' IN THORACOTOMY 
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sueh histances exiMsiirc is inipitived by diWiiinp tlie rib nliove or Iiclow tlio 
incision throiigli its costnl cnriilngo. Anterior division is prerernblo to the 
posterior bconnso ot loss irritntion to the intcreoslnl nerve. One eentimetcr of 
eartilngo is resected to lessen tlie discomfort ocensioned liy friction of tiic dindod 
sepnents. 



TECHNIQUE OF OPWIATION 

/The ^ wmiBuplnc position nnd nn inci»ion from 10 to It 

leiiEtli I, nmjg through the fkin in the Bolcctcd intercoBttU space. The overljnne 
Kitlt BCnlpcl or l.y l>lunt dirsectloa in the direction ot their 
BU, r rnuKden and parietal pleura are divided witli a eingle inciaion aiactly 

‘.t hetireen and parallel to tlie rilia above and beloiv, thcreliy avoiding the iatercMtal 
{Rr. i). A henw iionjdolding rib apreader (ive have found the Freocldetto 
tidijr^ "'cn incited between the riba over gnute pads which wrva to 

nr ‘"'moatal structure, from excessive prewure of the spreader. Tlie rib spreader 
from the anterior aspect of the Ineialou la order to loieien the tcadcucy of 
to become dislocaloil from the sternaui. AVliilo thi, has caused no difflcnll.r 
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diaphragmatic operations upon viscera in the left upper quadrant of the ab¬ 
domen. 

In our only case of suppurative pericarditis, in which the pericardial sac 
was opened into the pleural eamty, the seventh intempace did not give satis- 
factoiy exposure because of a relativel.r high adherent diaphragm, and the 
seventh rib was therefore dmded anteriorly. 



Incision throncjhout 
entire of 
innerspace. 


4.—Incision Is made midway between two ribs In the selected Intercostal spa 


The seventh interspace is generally the most satisfactor.v for long 
DifiSeulties \rith blood vessels ai'e moi’e likely to occur in the region o 
interdigitations of the serratus anterior and external oldique muscles 
eighth and ninth interspaces. However’, this shoirld in no way deter one 
using either the eighth or ninth interspace when indicated. 
the thorax between the seventh and nintli ribs is relatively free o t le 
tissue except posteriorly, where transection of a relativelj^ small poi 
latissimus dor^si muscle suffices for adequate exposure. The^ thmner 
such as the serratus anterior and the external oblique, are split m m 
of their fibers. As one goes cephalad and posteriorly, more of 

tissue is encountered, and this together rvitli the seapirla increases t le 
dissection. Therefore, rvhen the approach is elective, the seven i o 
inter-space is preferable. _. xg^.space for 

There rvill be occasions in which one fails to select the proper in 

• 1 -P Ain* 

the most advantageous exposure, as occurred in three oi oui 
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diaphiagiTiatic opevations upon viscera in the left uppei’ quadrant of the ab¬ 
domen. 

In our only case of suppurative pericarditis, in Avhicli the pericardial sac 
Avas opened into the pleural cavity, the seventh intei-space did not give satis- 
faetoiy exposure because of a relatively high adlierent diaphragm^ and the 
seventh rib Avas therefore divided anteriorly. 



Immon throui^liout 
entire of 
7^ imerepace. 


Fig-. 4 .—Incision Is made midway between two ribs in the selected intercostal space. 

The seventh intei’spaee is generally the most satisfactory’- for long incisions. 
DifiSculties AAuth blood A'essels are more likely to occur in the region of the 
interdigitations of the serratus anteiior and external oblique muscles in the 
eighth and ninth intei-spaces. HoAveAmr, this should in no Avay deter one froni 
using either the eighth or ninth interspace Avhen indicated. The lower part o 
the thorax betAA'een the seventh and ninth ribs is relatively free of thick musde 
tissue except posteriorly, Avhere transection of a relatively small portion of 
latissimus doi-si muscle suffices for adequate exposure. The thinner es, 
such as the seiwatus anterior and the external oblique, ai-e split in the diree ion. 
of their fibei-s. As one goes cephalad and posteriorly, more ex-traeostal musc^^ 
tissue is encomitered, and this together Avith the scapula increases the 
dissection. Therefore, Avhen the approach is elective, the scA’enth or eig 
interspace is preferable. _ 

There AviU be occasions in Avhich one fails to select the proper interspac 
the most advantageous exposure, as occun-ed in three of our early eases. 



KlSNWi AXU KE(;AXIS: 1»KRICAIIDIAL CKLOiHC CVST 
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According: to Thompson,® Ki'oedlniulcr iind Oebniier siigp:csle<l that pcri- 
nirdial defects might lx? i)rotluml by failure of fusion of the cinl)ryonic trans¬ 
verse septum vritli tlic plcuroporicanlinl or pleuroperitoneal monil)ranc.s. 

Lnipply* is in accord with Lambert* in reference to the origin of pericardial 
fvsts. 

IKCIDKXCK 

Tliesc lesions arc not common and nra usually found on loutinc x-ray ex¬ 
aminations of the chest. Out of a large series of cysts and cystic tumors of tlic 
medinatinum laiipply® found only four pericardial celomic cysts. Blades,■* in 
a series of 109 cases of mediastinal tumors, found ten i^'i'icarflial celomic cysts. 
The higher incidence of these cysts in Blades* Kerb's is prabably a result of the 
large number of routine roentgenograms of army personnel. All of the peri¬ 
cardial cysts in liLs scries were as\nuploinntie. Lnm.^ in 1947. and others have 
reported .single citses of pcrienrdinl celomic cysts. 

I'ATIIOLOOV 

Pathologically tlic ropoitcd cases of poricaniini cysts aiv similar to the 
f'wo herein rcportctl. The walls of the cysts arc made up of fibrous c^onnectivo 
tissue lined by a layer of flattened cndolhelin! or mcsotliolial cells. Blades^ is 
of the opinion that in the past some of these c.csts may Imvc bc'cn cljLssificd ns 
C5'stie hygromas or e\’slic lj*mphnngiomns.‘ 

Pericardial celomic cysts arc found in the anterior mediastinum in contact 
^th the anterior thoracic wall, the |)ariclal pcricaitlium, and sometimes the 
diaphragm and the lung, 

SYMPTOMS 

Pericardial cy.st.s rarely caiiso .syinplonis. rickhaiilt” reiiortetl n ease of 
pleurodinphmgmntic cyst in 1934. Thi.s patient was a r>3-year-old wonmn who 
*^^plained of sharp, luiifelikc pain over the prfH'oJiliiiin for n ])eriod of Bcvcral 
jyeekft. The case lierein reported and I'icklmnlt's case ara tlio only two in tlic 
'‘leraturo in wliich .symptoms were ntiHbulod to a iicricai-dial cyst. Both pa- 
wore i-elicved by removal of I lie cyst. 


DIAOKOSIS 

fn an attempt to establish llic dingnosi.s of pericardial cy.st, bi'onchiogcnic 
I'^rtinoma, diaphragmatic hernia through the space of Moi'gagni, and dermoid 
are the lesions most likely to be conrusod with lienign cy.st. 

The historj' of cough is suggestivo of hnineliioguiiie carcinoma, Caitiful 
^tgenologic studies with in.slillntion of Lipiodnl in the bronchial tree, hron- 
fh^py, and histologic .study of cells aHjiiraKHl thraugh the hranchoscopo will 
^ making a positive diagnosis of cnreiiiomn, 

. ■ ^®^ation of omentum through the Kpaee of Alorgngni can he confuaing 
1” differential diagnosis. An upper gaHlralnteslinnl scries slmiild Iw done 
^ of these patients in order to rule out the praMonco of Iierniate<l stonineli or 
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Pathologic lieport .—Gross description: The pericardial cyst consisted of a clear wall 
multilocular cyst measuring 8 cm. in diameter. The walls were tliin and the blood -vessels 
prominent. There was a small amount of fat around the periphery. 

Hicroscopie description: Section through the wall of the cystic carity showed the 
lining to consist of endothelial cells which in some areas were elongated and flattened. In 
others they were two to three cell layers deep and here assumed a more cuboidal appearance. 
Their nuclei were round to oval, deeply stained, and adult in age. The amount of cytoplasm 
was moderate with light pink staining charncteri.stics. The underlying tissue consisted of 
edematous connective tissue and varying amounts of fat. The small capillarie.s were adult 
in age and congested. The cyst carity was irregular in outline and showed small protrusions 
from the surface into the lumen of the cavity forming small papillary projections. These 
consisted of a stalk of fat and fibrous tissue covered witli the same type of eiulotheh'nl celts 
as described for the major portion of the cyst. 



Pig. 1.—Preoperative roenlgenoeram of chest. 


DISCUSSION ^ 

Pericardial cysts are usually discovered on routine x-ray 
the chest. The patient reported here tva.s disturlied by au unconil'oita > 
ing in the left chest and consnlled his family pliysician. 

PATHOLOGY 

Lambert^ attributed the origin of pericardial cysts to failine of 
meseneli3Tnal lacunae which form tlie peneardium to fuse with others 
stead form independent catnties. Failure of fusion of these lacimae 
in other anomalies such as congenital absence of the pericaiduini, 
diverticulum of the peiacardium, or congenital beraia of the diaphi-agiR- 

Lambert^ proposed the name, pericardial celomic cysts, as 
accurate term to define their true character. Lamliert' also repor e 
of pericardial celomic ej’-.st in his paper. 



SAXO KT AI^: PLEUKAL MEROTIIEUOMA 
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CASE HISTORY 

The pntitnt, n CT'Vtinr'old, woll-ilMTlopeil, wcll-nouri^lifsl nmn fell tliroupli a manhole 
in September, 1948, injuring the right thomx, ivith nulwtoquent plmrp pains in the right chest 
ind opper abdomen and slight cough, lloontgcnogrums of the eht^l at the time wre negative, 
Irak ho eontlnned to have vnguo pains, lie* xvns ndmitteil to (he liospital on Feb. 1, 1949, and 
presented fluid in the right chest. OonemI condition win cxcellenf, though for the previous 
three rsreoks there had ivecn nmrkcHl loss of appetite. Hrtnieljosropy slmwcil compression of 

FIk. I. 



FIff. 5. Ftc. 6 

^'taln CH*i04~^I0O)"^*"^' alveolar arnuigemcnt In tUimo culture la liero ilemonatmteO. 

5. Fairly xvell-bo,lat\ce<l mltcvat* In tlwiue culture. Stain CR 804 (X1400). 

^ "• Multipolar mitosis In tissue culture. CR JOl (XHOO). 


done^^* bronchus, but there were no mucosal lesions. An exploratory opemtion was 
hut the pleura was completely involved, as ^vas the pericardium. Careful examination 
^^^multlple sections at post-mortem t revealed tliia tumor to lx* grossly and microscopically a 
helioma with none of tho opithellaMike clenienta present No tumors uTre located else- 
odcJk °'^^^^^^^dlng multiple sections. AVna tliis, therefore, originally a welMocaliied 
tbs histology wonld suggest, or a diffuse type, as one would surmise from 

w c^ eal hlstoryf 

tBv ^ Burnett and Dr. O. Roaemond. 

y 4^. Paul a Querln, Resident In the Department of Patholofy. 
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Flg. 1.—Tissue culture showing the spindling of the cells. Stain CR 304, (18) 

Fig. 2. —Section of the tumor. Stain CR 304 (X200). unre Stair 

Fig. S.—Note the flattened ceils growing out In sheets in tissue cu 
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(X200). 
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S.\XO ET I'MCUnAL MEi^OTnFJJOMA 
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^V^H‘ro prowfli uti^ jinu?untlv rapid, Iho crtopifipin \ynf extromolv nnd dolirnfc. The 

inlerrcllulur boundaries ^v^^o a^unlly well mnrkeil. The cells liad n plump onil jiuelcos with 
floe to DK^lium heavy metochraniatle tlirends nnd two or more nucleoli. 

In some of the smnller fmpnents the cells prew out in sheets nt first, then while still 
rtattoneil (In form) tliey tended to form nlveoli which were not seeondnry to fibrinoh-pls 
(FifT. There iras In fact, very little llquefnetion ci'en over n period of eig^hteen days. 
RjTierrsIs nns marked In the human plnsma, but Hint is n common oecurrence within the first 
Iwelvo hours. 

Tho mitoses in the eolLs were ns often bninnecd ns ntilmlnneeil. In tJie unlwhineod form 
there was rcmarknhly little ehnnpe In (he shnpo of cells (Fi^'s. 5 nnd 6). Xormnl ^randerinp 
crlls iren' few nnd rare in Imth medm, (he fTTOWth Iteinp fornietl mnin/y hr tumor cells. 

The pTOwth In th«‘ chicken plnsnm was dllTerenl. Homo of the cells prew in shoots (Fip. 
”), Imt as the now growth benirae nlmuf tJ»re»* colls doop, tho colh* t(M)k on u rounder form with 
the nuclei phiee<l nonr the |>eripherT. Those cells isolntfsl themselves. Their outline \rns 
irrepulnr and they Imd a toinlcnry to assume bizarre forms < Fip. S) with numerous atypical 
mitoscft. These eelis did not resendde any of (he cells seen in tho oripinol tumor masses, but 
*tTt) very similar la chnmeter to the eplthellnldiko cells seen in the usually rapidly sprendinp 
hjmor of the pleura. Xone of tlu'se cells were foun/1 In nny of the multiple sections taken of 
the tumor post mortem. 

Once apain wc ol>feni'eil, tlien'fore, ns one of us'2 Ims noH’’! on numerous occasions in the 
rtodr of human tumors and lymph nmlcs for the past ten years, tluir the form a tumor 
ft><umeR in tho host is in part, at least, dej>eiiUent on n fnetor jursent in tho host, besides 
the purely physical enrJrnnnrentnl factors. This elusive factor enn usually Ik* demonstrnfod 
ta the plasma of the host, ifniiy workers hare observetl the difTerence l»etueen human plasma 
of stneer patients nnd of normal Indtridoals. There is a difTerence in the eoaffiilation,i3 
frequently a tlifrerenre in pH readlnpds* a din’erence in the plasnm pattern,and in its 
wloeinp power.Jr iSome of these otkservad'ons have l>c<m verifletl, others have Iwn contra- 
dlelftl, yet, there Is some (ruth In most of them, (houph none of them ns j^et stand up as 
rrliahle raneer tests. Whether this is one nnd the snine factor or a different one has not 
l*een veriflctl l)eeau^e the oljservntions under present ie<dini«}ues are Mill too inconstant. 


UIHCL'SRIO.V 

In the pleural tumor uiuler coiiKidorntion only liio spimllo form of cell wjik 
filM^rent. but under the din'orcut oondilions erenled by tisHUc eiilture, tho 
^pilholial-likc form was demonstrated ns well. Clinically, moreover, tho 
<^'(fuiie nnd mj,id pnowth i-cscinlilas the hehnAioi- of the mixed foinn of pleural 

“wothcliomn, further ein])hnsi7.ing the iiiiportnnee of the tissue culture find- 
iiign. 


One of the determiiiiiuts of the doiniiinnt cell types is evidently present in 
part m the plnsma of the tumor host. A\Ticther it is n renctioii of the host to 
tw tumor or whether it is a phj-sicocheinicnl propertj' in the plasma or tissues 
° the host which precedes tumor development, we were unable to demon- 
*lrnte. IVe do know from experience that when tissue culture is used as a 
jcgtiostie aid in ntj’pical tumors, it is nlwmj'B advisable to use the autogenous 
Plastna, in addition to the standard chickea plasma. Actual and potential 
"tills of Inmoi'S can thus not infrequently he demonstrated. 

la rcvieiving the literature ivc have been impvesaed by the resemhiance 
" *ne tissue culture of this tumor -ndth that of the pleural mesothelioma 
* adied by Stout n2id Aliirray. It further emphasizes the \-nlue of this method 
"I the study of unusual tumors nnd the consistency of growth in tissue cultures 
° *'aiilar tumors. 
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Behavior of the Timor in Tissue Culture .—Fragments of necrotizing tumor and firm 
tumor nodules were taken at the time of opemtion. These were inoculated into two types of 
media: Tywode’s solution, 1 part; mouse embryo extract, 1 part; and autogenous human 
plasma, 1 part. In the other medium, chicken plasma was substituted for human plasmaJU 12 

FIb- 7. 
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(X200^^ 7.—Tissue culture of tumor In medium contalnlnB chicken plasma. S 

PlB- 8.—Bizarre forms of isolated cells near perlpherj’ of pmouth In tlssu 
chicken plasma medium. Stain CR 304 (XHOO). 

There were two outstanding characteristics common to the grou th in 
was the rapidity of growth which was profuse witliin twenty-four hours. Tie nuclei, 

from minute particles of seemingly nonviable tissues containing three to four plasma 

tumor cells proliferated uitliin forty-eight hours, reproducing rapidly. In t le shapwl 

the fixed cells growing out from the thicker fragments were at first more ^5 

(Fig. 1), similar in appearance to the arrangement in the section of the tno-sni'^ 

the cells became less crowded, they flattened out, growing in membranes. >ey 
arrangement (Fig. 3), which was very' characteristic and emphasized by ^ the 

Under this light, an accumulation of fine mitochondria in the cydoplasm an unless 

nucleus could be seen. The outlines of the unstained cells uere ^ most rnpitPl' 


examined under reflected light. The layers closest to the glass coierslip gre 





ARTEUIOVEKOUS PISTULxV OF THE EUNO 

With Rki-oiit of a Task 

.Iajihs CAnswELi., Jr., Jr.D.* 
JIcKikney, Texas 


S INCE 1942, wlicn Hfipliurn nncl Bnupliiiiot''' i-oportcd n case of liemnngioma 
of (he lung dingnosed elinieidly and snccosafully trcntod liy pneumonectomy, 
an increasing number of reports of pulnionarj' arteriovenous fistula lias appeared 
in the literature. These authors reviewed the literature prior to their paper 
and found few referenees describing the oeeurieinr of this lesion. Janes,'" in 
1944, re|Jorted the first case of multiple cnvenioas hemangioma of the lungs 
■sureesafnlly treated h.v local re.seetion of the tumors. Since the lesions were 
hilntcral, treatment was carried out in two stages, approximately eight months 
apart. .Maior and n.ssoeiatc.s,"' in 1048, piesenteil a stnd.^' of the circulatorj' 
(i.vnaniic 3 in pnlnionarj- arteriovenous fistula ami inehuhsl a case of their omi 
complicated by liaeterial endarteritis and sueee.ssfully treated by chemotherapy 
and loliectomy. Tn the discussion of Jlaier’s iiaper, several other eases of 
arteriovenous thstula of the lung were brought to light. Wodehousc," in 1924, 
added two cases previously unroported, one of which wa-s complicated by a 
inain alKcesa. Additional report.s''" bring the total number 
of eases in the literature to twent.v-eight. 

It is likely, as Wodehousc implied, that the earlier rejiorts have resulted in 
an increased awareness of arteriovcnoius fi.stula of the lung ns a clinical entity. 
The signs and sj-mjitoms, although variable'" should arou.se su-spicion of such 
a lesion. Those most frcfiuontly mentioned in tho reported cases were c.vanosis, 
PoIye.vthemia, clubbing of the c.xtrcmities, and the appearance of a pulmonary 
deasity by .x-ray examination. An audible muiTuur over the lesion and ex¬ 
pansile pulsation of the mass fluoro.scopically arc inconstant findings. 
H.'^spnea,*' ■" hemopt.vsLs,"’ “ and the occurrence of coexisting hemangiomas else- 
tyhere in the body ma.v aiipoar ns prominent .syinjitoms in some cases of arte¬ 
riovenous fistula.-'' 


CASE REPORT 


lUnftt at Time of gO-yeor-oM delivery-truck driver \rn» admitted to 

bospltal Fehruarj- 23, 1P48, bceaurw of rwurrent mild, sliootlng pains in tiie inter- 
’"'polar region, of two yrart' duration. Tlio pain uminiiy lastod soverai minutes, recurring 
at Irregular iatervnU of a few days to weeks, and was not incapacitating. It was unrelated 
aierciie, emotional excitement, or tho ingestion of food, and was not Initinted or aggravated 
I deep hreathing. There had’been no cough, dyspnea, iiomoptysis, weight loss, or loss of 
"Ppcllte. In April, 1040, one month after tlie onset, a cheat roentgenogram revealed a smaU, 
'Rnmiaerihed area of increased density in the postcrolsteml aspect of Uio right lower lobe. 
, a broDchogram was done but contributed no fortlier infonuation- Bronchoscopy 

® November, 1947, ™ negative. The patient was referred to tliie liospitol for further 
- _ ^ *fplomtory thoracotomy. 


the Veteran* Adminl.tratlon and Publishedthe approval of the 

atatementa and conclualona publlehed by the ^uth^ are the r^ult of 
^ itudy and do not neccaaarlly reflect the opinion or ponc>' of the A eterana Aumlnlatratlon. 
J^Ived for pubUcfttlon June 9, 

of Thoracic Sarfferj- Section, Vetomna AdmlnlatraUon HewpItnL 
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RESUJifi AND CONCLUSIONS 

1. Report of a case of pleural mesothelioina with rapid diffuse spread is 
presented. 

2. The histopathologic characteristics seen are those of the fibrosarcomatous 
slow-growing type, and therefore operable. 

3. Tissue culture in autogenous pla.sma reveals the mesothelial character of 
the cells. 

4. Tissue culture in chicken plasma reveals the potential epithelial-like 
cell form, placing it in the rapidly spreading group, usually inoperable. 

5. Discussion of the factors influencing the form of the mesotlielial cell 
is presented. 

Note .—are indebted to Carol Bocher, B.S., for valuable technical assistance. 
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past six years, however, twcnly-ciphl eases Imve licen reported and it is prolmhle 
that others have been oliservcd. 

2. A case of arteriovenous fistula of the Innp is reporteel, in a patient whoso 
fomplnint of mild interscapnlar )mins prompted the taking of a chest film. 

3. Tlie diagnosis of inilmonarv- arteriovenous fistula may lie made without 
difficulty in those patients presenting themselves with one or more of a group 
of s}Tnplom,s commonly ntlending this di.sen.se. In other instances the presence 
of a \-nscular lesion in the lung may i-enmin unsuspected for years. 
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gave no additional information. The patient produced no sputum, so bncteriologic studies 
were not done. The appearance and behavior of the le.«ion in the lungs, mild polycythemia 
and clubbing of the fingers suggested the diagnosis of a vascular tumor, and it was decided 
to explore the chest. 

Operation .—Thoracotomy was performed March S) and the pleural space was found to 
he free of adhesions. There was a visible puLsating mass about 4 cm. in diameter immediately 
beneath the pleura in the inferior posterolateral a.spect of the lower lobe. The thinness 
and transparency of the pleural covering made it possible to observe the blood eddying within 
the tumor. The upper and middle lobes were normal to inspection and palpation. The lower 
lobe was removed wdthout incident. 

Subsequent Course .—The patient’s convalescensc was uneventful and he was discharged 
from the hospital on the fourteenth postoperative day. 

Gross Pathology .—The specimen consisted of the right lower lobe of the lung. On the 
posterolateral aspect near the base there was a soft cystlike area measuring 2.5 cm. in 
diameter and covered with a thin, somewhat translucent pleura. The remainder of the lol)e 
presented no gross pathologic changes. A cannula was introduced into the bronchus and 
the lobe inflated, after which the bronchus was tied. A second cannula was tied into the 
main artery and injected with radiopaque material after infusing with saline solution to 
remove the blood. These solutions returned freelj' through the open stump of the vein. 
Roentgenograms of the inflated, injected lobe were made in three views before dissection of the 
specimen was begun. The view taken from above, with the lobe resting with its base on 
the cassette, shows the lesion moat distinctly (Fig. 3). Dissection of the fistula along with 
its main arterial and venous connections was carried out, and a sketch of the dissection 
drawn (Fig. 4). The sac itself was unilocular, thin-walled, and lined with endothelium. 
It contained congealed radiopaque material admixed wth blood elements. There nere 
numerous small communications, 1.0 nun. or less in diameter, opening into the lumen of the 
sac. Tlie major vessels communicating with the sac were themselves gro.ssly normal in 
appearance and were not appreciably dilated. TJie bronchial artery was not found. T le 
total diameter of the direct, measurable arterial conununication with the sac was 12 mm., 
w’hile that of the venous side was 10 mm. Numerous smaller communicating channe s 
radiated from the wall of the sac to be lost in the surrounding parenchyma. No connec ion 
with a bronchial vessel could be demonstrated. 

COMMENT 

The ease presented here illustrates further the variety-iof symptoms whi^cli 
may be encountered in patients with arteriovenous fistula of the lung. i > 
shooting pain in the intei’scapular region, intennittent and transient in chaiac 
ter, was the only symptom of which the patient complained. Veiy slight po y 
cythemia and minimal elubbing of the fingere were present. Prior to admission 
to the hospital, chest roentgenograms were taken and the patient was siispec e 
of havdng a tuberculoma, although the possibility that the lesion miokt ^ 
vascular tumor was entertained. The preopei'ative diagnosis was of possi ^ 
vascular tumor of the right lower lobe. Unfortunately, a hematocrit 
obtamed prior to surgery for later comparison. Seven weeks after opera lo 
the red blood count was 5.5, hemoglobin 16.5, a slight decrease as 
the preoperative determinations. Three daj’s after operation the hematocri 
53 as compared with 49 seven weeks later. 

SUMMARY 

1. Prior to 1942, few references to pulmonary arteriovenous fisliila 
found in the literature, and the disease Avas considered extremclj^ laic. 
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Flff. l.—P(wtcroantcrlor rocntpeno/Trani (July 10. 10W> rvvrnl« o nhurplv clrcuni^orlboo 
ranxir miM In the reclon of tho uprwr ik>Ip of the loft hllum n)cajurln(r npproxJnmteiy 7 cm. 
m diameter and ohatructive cmphyacma of tlio left upper lobe. 

Mr. i .—Lateral rocntjrcnoBTnm povenla mor.i In poalorlor nietllnatlnum. 





FLASmi CELL TU3I0RS OF THE 2IEEIASTINIBI AND LUNG 

Report op Two Cases 

AViluaji G. Childress, M.D., ALilhalla, N. Y., and 
George C. Adie, New Rochelle, N. Y. 

I N 1943 ill a comprehensive review of tlie literature Hellwig^ collected 127 
cases of extramedullary plasma cell tumor, and reported a single one of his 
oum. Gordon and AYalker- reported a single ease of plasmaejdonia of the lung 
in 1944. They were unable at that time to find an instance of plasmaci'toma 
of the huig such as they reported in the literature. However, they stated that 
Dr. P, AY. Stewart had observed two instances of solitary plasmacytoma of the 
lung. Bross^ found a plasma cell tumor of the mediastinum in a 54year-old 
woman at neerop.sy, and Klose^ observed a similar tumor of the pleura in a 61- 
year-old man. AA’e have been unable to find additional reports in the literature 
of either pulmonary or mediastinal tumoi'S of this t.ATie. The two following 
cases Avere found to have plasma cell tumoi'S in these uncommon locations. 

Differences of opinion have been expre.ssed regarding the nature of these 
tumoi’S. Some regard them as carcinoma, othei’s as granulomatous lesions result¬ 
ing from chronic inflammation, and othei's consider them benign tumors. The 
tumor is characterized b.y an abundance of plasma cells, arranged in palisades 
or cai'tu’hcel distribution, and vaiying in size and shape wdth a large amount of 
basophilic cytoplasm. The cells often contain two or more nuclei, and giant cells 
and Russell bodies may be pi'esent. The tumors are widely di.stributed, but are 
more often found in the upper part of the respiratory tract, in the nose, naso- 
phar,ATix, mouth, and tonsils. Other sites arc stomach, intestines, thjToid glan , 
kidney, ovary, .skin, lymph node.s, and .spermatic cord. 

Case 1.—At. E., a 37-year-old white male laundry M-orher, was first seen (hy W. G. C.) 
June 7, 194-t.* Ho was rejected by the Army on tho basis of induction chest 
For about six months previously there were times wlien he was somewhat short o 
but there were no otlier sj-niptoms and lie hnd gained twenty pounds during the prece ing 
years. Past and family historj" was noncontributory. There was no tuberculosis m 
family. Physical examination revealed a well-developed and nourislied wliite man no npp ^ 
ing ill. The lungs were clear to percussion and auscultation. Roentgenograms tct ^ 
sharply circumscribed tumor mass in the posterior mediastbiuni extending out from 
pole of the left liilum and measuring about 7 cm. in its greatest diameter. Ora temp^ 
was 99° F., pulse S4, blood pressure 118/80. Laboratory findings were as follows, i 
cells 3.2; hemoglobin 13.3 Gm.; white blood cells 5,850; segmentals 48, lymp ^5 

mononuclears 8. Sedimentation rate, Westergren method, was 32 mm. in one hour, 
negative; blood Wassermann was negative. Sputum negative on concentrate or 
organisms. Bronchoscopio examination elsewhere t was essentiaPy negative excep 
gestion and edema of the left lower lobe bronchus with some constriction. ^ exploratory 
Tlie patient was referred to Grasslands Hospital, June 27, 1944, or an 
operation. This was done (by G. C. A.) on July 11, 1944, under cjclopropa 

» (jPfLSSl&ndS 

From the Division of Diseases of the Chest and the DI' Ision of Su g 
Hospital, iralhalla, 14. T. 

Received for publication June 13, 1949 . 

•Referred by Dr. R. E. Alachan, Alamaroneck, N. Y. 

•fBy Dr. Veme Peterson. 
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Flff. S. Flj;. 6. 

roontf;cno(?nmi (April I. 1048) rfvcale density bohveen tho 
eipith and ninth rorterlor riba on th** riffht. 

C^Xviteral rocnU:cno(rrnm rovcnia \von*cln:ui»»>»crlbcMl nvnw In reulon of Interlobnr 
wpiuni, Involvlns portion* of nilddio and upper lobea. 
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A Toiuid firm tumor measuring 2 indies in diameter was observed filling the space formed 
by the arch of the aorta and apparently attached to the pleura superior to the root of the 
lung. The pleura was incised over the tumor and by careful, sharp dissection the tumor was 
removed. Postoperative course was uneventful except that tlic wound healed rather slowly, and 
the patient remained in the hospital until Aug. 22, 1944, the forty-second postoperative day. 

Pathology: The tumor was spindle shaped measuring 6.5 by 3.5 by 3.5 cm. There was 
a thin capsule enclosing the mass, with several small friable blood-stained nodes present on 
the surface. Cut section showed the tissue to be rather dark, dry, and friable similar to blood 
clot. In fact, there was considerable blood throughout, and at times small irregular blood-fiUed 
spaces were encountered. In one area, a pattern of thin lines, radiating at right angles 
from the capsule, was noted. The sections showed a neoplasm composed of masses of mature, 
but not always typical, plasma cells growing in a very sparse reticular stroma, highly 
vascularized. The growth was surrounded by a rather thick collagenous capsule wliich sent 
heavy' trabecular septa into the tumor. . Diagnosis* was plasmacytoma.t 



Fig. 4. —Follow-ui) roentgenogram (Oct. 2G. 1948) taken fifty-one montlii after operation slions 

no evidence of recurrence. 


This patient has been followed by rocntgcnographic study at intervals since, and cxcep 
for a virus pulmonary' infection in July, 1947, there have been no sy’raptoms referrn e 
the chest, nearly live years after operation. Koeutgenogram on Oct. 26, 1948, re\ea e 
evidence of recurrence. 

Case 2.—H. Y., a 21-year-old white man, was first seen (by IV. G. C.) on Jan. 30, IW 
At the time he was employed by' a cleaning and dyeing establislunent uhcrc 
have inlialed formaldehyde fumes. He was separated from the Army in July, ‘ 
serving one year, mainly in the Philippines. He had no illness while in the Army, 
induction and separation chest roentgenograms were said to be jiegative. 

He gave a history of a dry hacking cough of about six months duration, an „ 
previous two months the cough had become productive of about two ounces 
sputum daily. The sputum, on one occasion, was blood-streaked. There ^ ° gjg],t was 

toms except for a loss of ten pounds during the preceding twelve months. es ^ jj-giejan 
174 pounds, and present weight was 155 pounds. In January he consulted his 
who obtained chest roentgenograms and a sputum examination, uliicli " jjggwtive. 

negative for acid-fast organisms on direct smear. Subsequent cultures acre 


*By Dr. George McClure, Grasslands Hospital pathologist. onr-tlons and con- 

tDr. F. W. Stewart’ of Memorial Hospital, New York City, studied 
curred In the diagnosis. 

tKeferred by Dr. George L. Daniels of Port Chester, N. Y. 
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countered Ljinplioej-tio n^;(;reKnte8 were Rlfundantly present, as troro tunny incorporate 
retientnm celts. Ko Jleed-Slernlierp pinnt cells n-ero seen. Kosiuophiles trero genoronsly 
scntterct] throoKlinut. Henmininp olreoli present in the ninss tvero often filled nfith large 
foamy mneroplmges. Jllrroscopienlly the ninss tens not so trell circumscribed as described 
grossly. The lutcrlolmr fissure nnd jilenrn tvera markctlly thichonotl.* 

PIn.smn cells liuve Itecii con.sideml to he differentinted lymphocytes, normal 
constituents of connective tissue originatinp from tissue lymphoctdes, or emi¬ 
grated blood lympliocrtea. Functionally they have been thought to be related 
to immunization processes, of elaltoraling antito.rie substances, and capable of 
removing ocllnlar metabolic products. Pla.sma cell tumors occur frequently in 
the bone marrow, but c.vtramcdullary plasma cell tumors are more rare and 
originate more often in the upjier rcspiratoiy tract. They may be single or 
multiple, noncancerous or cancerous, with or without metastases. They more 
frequentl.v metastasize to bones and lymph nodes, ]0ggston“ has observed that 
plasmacj-tomas in the upper respiratory tract become malignant in some in¬ 
stances. He states that an increase in plasma cells may occur in a vaiiet.v of 
chronic inflammatorj' conditions such ns tuberculosis nnd sj-philis, to such a 
degree ns to sirhidlite true neoplasm. 

In both of our cases si-mptoins hud c-zisteil for approximately six montlis 
nnd in Case 1 went undoubtedly due to pressure. However, in Cn.se 2 there were 
productive cough, blood-streaked sputum, and loss of weight, svTuptoms not un¬ 
common in pulmouarj' infection. There has been no evidenee of recurrence in 
Case 1 in more than four years oliservntion, or in Case 2 in fen months observa¬ 
tion. 

IIREERE.VCES 
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Dr. QroM, suspecting a plasma cell tumor, consulted Dr. F. VT. Stea-grt, of iremorlaJ 
New Tork City, who attached the (Ilagnosls of "plaania cell granuloma of lung.” He 
that he had seen two or three similar examples and believed that they are not tumors, 
represent Inflammstoiy granulomatous lesions of unknorm etiology. ^ 
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Past and family liistorj' was noncontributory. There was no tuberculosis in the family. 
Physical examination revealed a rather pale but well-nourished white man of about the stated 
ago with entirely normal physical signs. The lungs were elear to percussion and auscultation. 
The chest roentgenogram revealed a dense, fairly well-circumscribed elliptical mass in the 
area of the right middle lobe measuring approximately' 4 cm. in its greatest diameter. 
Blood pressure was 108/78. Laboratory findings were as follows: red blood cells 4.95; 
hemoglobin 14.5 Qm.; white blood cells 7,800; scgmentals 74; lymphocytes 22; mononuclears 
2; eosinophile 1. Sedimentation rate, IVestergren method, was 7 mm. in one hour. Blood 
chemistry was normal. Bence-Jones protein test was negative; nonprotein nitrogen 35; sugar 
80. Blood Wassermann was negative. Sputum and gastric cultures were negative for acid- 
fast organisms. Other organisms and fungi were not demonstrated. Urine was negative. 
Bronchoscopic examination* in February, 1948, was reported negative. 



Fig. 8.—Follow-up roentgenogram (Feb. 1, 1949) token ten months after operation 

no evidence of recurrence. 


The patient was admitted to Grasslands Hospital on March 16, 1948, for surgiM 
ploration. It was thought that the lesion seen roentgenographically was probably a 
tumor. Surgical exploration was done (by' G. C. A.) on March 23, 1948, and a firm, 
circumscribed mass was found in the right middle lobe, extending tlirough tlie 
fissure and involving a small portion of the right upper lobe. The hUum appeare 
involvement. A frozen section was made and a benign lesion was reported.! 
resection was done with removal of most of the right middle and a portion of the ^ g 

lobe. The postoperative course was uneventful and the patient was discharge on 
1948y the frwelftli postoperative day. He is back at work, and there are no s}Tnp o 
Pathology': The tumor mass measured 4 by 3 by 3 cm. and was firm. On s 
surface was yellow gray in color and streaked ivith black pigmented j^j,pgp(,pical]y 

demarcated from the surrounding lung tissue, but was not cncapsidated. ivas 

the mass was composed of a dense framework of collagenous connective tissue 
dispersed a variety of cellular forms. Plasma cells were numerous and in gj,t]y en- 

cords or sheets. Bussell fuchsin bodies, intracellular and extracellular, uere 


*By Dr. M. T. Smith of New Rochelle, N. Y'. 

tBy Dr. S. Gross, acting .pathologist at Grasslands Hospital. 
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third of tile csopliagua witli nii(tnlation to the left. At operation a tumor was 
fomid to involve the entire ■\vall of the lower tliird of tlie esopliagus, down to 
the eardia of tlie stoniaeli. Tlie lower esopliHRiis and tlio cardia of tlie .stomach 
wore resected. Tlie patient died on tiic foiirtli po.stopemtivo day of bilateral 
bronchopneumonia. 

Tile same authors i-eported another patient, a woman, aged 56 years, wlio 
complained of pain beneatli tlie xiphoid lint no dj-sphagia. A large leiomyoma 
was found to involve the lower part of the c.sophngiis witli tlie greater part of 
the tumor in the posterior mediastinuni and extending through the esophageal 
hiatus into the abdomen. The mucous membrane wa.s intact. The tumor was 
excised locally cxeejit for a small jiortion ottaehed to the pericardium which 
was left. ITcr postoperative course was uneventful. This tumor may have 
arisen from the stomach. 

Harper and Tiscenco' reported a male patient, aged 41 yeais, with a 
leiomyoma of the c-sophagus who for three .vears had had a feeling of tightness in 
the epigastrium following meals, which was relieved by vomiting. A submucosal 
tumor 6 b.v 3 cm. in size was found in the right po.stcrior lateral wall of the 
middle third of the esophagus. The mucous membrane was intaet and the pedicle 
was composed of avascular fibrous tissue. The tumor, a leiomyoma, was re¬ 
moved, The patient died on the fourth postoperative day and at post-mortem 
e.xnmination'“wet lungs” wore found. 

Calmonson and Clagett’ reported a male patient, aged 62 years, who eom- 
plaiited of substemal distress a.s.socioted with slight difficulty in mvallowiug 
wliioh occurred twice a year for ten years. Two leiomyomas were found in the 
wall of the esophagus at operation. They were located near the arch of the aorta 
and measured 2 and 6 cm, in diameter. Both tumora were removed without 
opening the esophageal mucosa. The patient’s postoperative course was unevent¬ 
ful. 

Schafer and Kittle’ reported a male patient, aged 46 years, who complained 
of epigastric distress and bilateral costovertebral angle pain with associated 
nausea and vomiting. There was no dysphagia. Koentgen e.xamination of his 
thorax revealed a large rounded area of increased demsit.v in the lower postenor 
mediastinum displacing the esophagus to the right. At operation a lobulated, 
sharply delineated mass 7 by 7 by 10 cm, in size was found 6 cm. above the 
diaphragm. Removal of the tumor rceinired excision of an ovoid section of the 
wall of the esophagus. The postoperative course was uneventful. Slicroscopically 
the tumor was a leiomyoma. 

Hurwitz'" reported a male patient, aged 31 years, who entered the hospital 
for repair of an inguinal hernia. Routine roentgenogram of the chest revealed 
an ovoid shadow, 3 by 5 cm. in size just to the right of the midline and super¬ 
imposed on the right heart border. Exploration of the chest was performed and 
a leiomyoma was found, one inch below the azj'gos vein protruding through the 
longitudinal muscle fiber of the esophagus and encircling three-quarters of it 
like a collar. Tho tumor was removed wthout opening the mucosa. The po.st- 
oiwativo course was uneventful. 



LEIOj\rYOMA OF THE ESOPHAGUS 

Rolun a. Daniel, Jr., M.D., and R. B. 'Williams, Jr., M.D. 

NASH\aLLE, Tenn. 

B enign neoplasms of tlie esophagus are observed veiy infrequently. The 
leiomyoma is probably tlie most common benign tumor which arises in the 
esophagus. PattersoA re^newed the literature between the years 1717 and 1930 
and found only 62 benign tumors i'e])orted, all of which were found at autopsj'. 
The type of each tumor was not listed. Rose- reported 49 cases of leiomyoma 
of the esophagus found in the literature between 1797 and 1932 and added 1 
of his own. All were found at autojisy. Moersch and HarringtoiP report 44 
eases of benign tumor of the eso])hagus found in 7,459 necropsies at Mayo 
Clinic. Thirty-two of these are leiomjmmas. In 4,000 autopsies at the 'V^ander- 
bilt Univeraity Hospital no case of leiomyoma of the esophagus was found. 

It is evident that most leiomjmmas of the esophagus do not produce sjTnp- 
toms. ]\Ioer.seh and Harrington® rcpoi-t that in 11,000 patients complaining of 
dysphagia studied at Hayo Clinic only 15 benign tumors of the esophagus were 
found. Of these 2 were definite leiomyomas. In 3 others the diagnosis was 
listed as undetermined but probably leiomyoma. In none of the 32 leiomyomas 
found at autopsy at the Mayo Clinic were symptoms produced by the tumors. 

Pew eases of myoma of the esophagus have been discovered in the Ihnng 
patient. A search of the literature raveals that only 8 patients have been 
operated upon for removal of such a tumor. In 2 of these the tumor invo v 
the cardia of the stomach as well as the esophagus, so their primary site con 
not be definitely determined. . / 

Ohsawa'* reported a 43-year-old woman who complained of dj^sphagia o 
tAventy-four hours duration and Avas found to have esophageal dilatation. i 
performing an csophagocardioplasty for I’elief of cardiospasm, an 
submucosal myoma 1 cm. in diameter AAms found and enucleated. The pa len 
surA'ived the procedure. _ , .ijg 

Brock® reported a male patient, aged 47 yeara, Avith 
esophagus, who complained of AA'eakness, A'omiting, pain in the light 
drium, loss of appetite, indigestion, and dragging sensation in the e t m 
operation a lobulated mass measuring 10 by 7 cnu Avas found high distal 

curAmture of the stomach extending above and below the diaphragm. e ^ 
end of the esophagus and the cardia of the stomach including the ^ura 
removed and an esophagogastrostoiny performed. The patient leeovei 
tumor involved the Avail of both the esophagus and the stomach. ^ 

Harrington and Moersch® reported a male patient, aged 38 j earn, 
leiomyoma of the esopliagus who complained of nervousness and 
montlis’ duration but no dysphagia. There was marked deformity o 

From the Department of Surger>-, A'^anderbllt University School of ^ e 
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f-oiutont irritubJIity in the mjpliupw nhnut three iiiclics ahorc tlio illnplirapni. The nmccmal 
pottem njipenretl nomml nnd there wns no <lelny in pnA^nge of Imriuni. Che*t roentponogmm 
made on the elghtli j>oJttn)K*mti\T dnr shonTtl n eninll mount of fluid nt the bnao of tlio right 
lung nnd a Might residuiil i'olla|wo of tlio lower und middle lohefl of the right lung. 

Tlic patient wnn dijM’lmrgi*d on the ninth poKloiKTHtivo dny. Chest roentgenogmin (Fig. 
2) made aboot seven \vcekn following the ti|H*mtion revenletl no abnormality other than a 
small amount of fluid nt the Imso of the right lung nnd Incomplete expansion of the lower 
nnd middle lolx?* of the right lung. Who wna nnd has remnined nsjTnptomatic, 



Fit. 3.—Photograph of the tumor following lU remove-l. 
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CASE REPORT 

A 3S-year-oia, white, married, female schoolteacher was admitted to the Vanderbilt 
University Hospital in December, 1947. She was told following routine chest e.vamination 
SIX months previously that she had a growth in the right chest. She had had no cougli, 
dysphagia, dyspnea, chest pain, nausea, vomiting, or any other sj-mptoms referahle to the 
chest. Physical examination revealed a well-developed and well-nourished woman. There 
were no abnormal physical findings. On chest roentgenogram (Pig. 1) a well-demarcated, 
homogeneous area of increased density measuring 0.5 by 0 cm. was seen in the right hemi- 
thorax overhung the medial aspect of the dome of the right diaphragm. Roentgen exami¬ 
nation of the esophagus with barium showed some displacement of the esophagus to the 
left by the mass but no obstruction. There was a small paraesophageal hiatal hernia. 



P1&- 1-—Roentgenograms made Dec. 29, 1947, one day prior to operation. 


At operation ou Dee. 30, 1947, a posterolateral incision was made over the ninth n 
A long segment of the ninth rib was removed subperiostally and the pleura opened. 
letter lobe of the right lung was retracted upward and a firm, encapsulated, nodular n 
about 7 cm. in diameter was present benentli the mediastinal pleura and posterior to 
inferior pulmonary ligament. The mediastinal pleura was opened over the mass and 
mass separated from the surrounding loose connective tissue. It was delivered in o 
pleural cavity and found to be attached to the esophagus by a pedicle o cm. 
easily freed from the wall of the esophagus by dividing the esophageal muscle an exp 
the mucous membrane. The esophageal mucosa was not opened, following renlo^a 
tumor, the edges of the esophageal muscle were brought together with 
sutures. The lung was inflated and the wound of the chest wall closed m la.vers 
interrupted fine silk sutures. The patient stood the procedure very will. 

The postoperative course was uneventful. Wangensteen suction was instituted 
discontinued on the second postoperative day and the patient started on a liquid 
tlie fifth day the patient was started on a soft diet which she took well. On t 
postoperative day roentgen examination of the esophagus with barium revea e 
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Examination of tlie gross specimen (Fig. 3) revealed a smooth, well-encapsulated firm 
tumor with a lobnlated .surface and a pale, yellowish white color. Tlie capsule was unbroken. 
On cut surface the tumor was yellowish in color and homogenous in appearance mtli grossly 
visible whorls. Some areas were firmer than others. No cysts were present. 

Microscopic section (Fig. 4) of the tumor revealed strands of smooth muscle with long 
spindle-shaped cells with eosinophilic cytoplasm. The nuclei were short, stubby and uniform. 
No mitotic figures were present. This muscle was arranged in whorls. Mn.ison stain revealed 
that connective tissue comprised gros.xly one-third of the total tissue. 



Fig. 4.—Photomicrograph of the tumor {about X-tOO)- 


COMMENT 

Ninetv-two ca.se.s of leiomvoma of the e-^ophagus have heeu leported in 
* * • nf the 

literatiire.^'^- One was complicated by i.slets of adenocaremoma. 

patients, 8 were operated upon and 6 survived. In 2 of tlie 8, the 

volved the cardia of the stomach as well as the esophagus so the 

is not certain. Of the 6 patients in whom the diagnosis is certain, sui 

operation. . 

ilany of these tumors can be removed without opening the 

mucous membrane. In such eases the mortality rate should be 

The tumors may arise at any level of the esophagus and thej nia} a 

or multiple but seldom are the cause of deatli. Rose,^ howcA er, 

patient, aged 74 years, in whom multiple leiomyomas were most 

death. These tumora have occurred in indmduals of all ages nt 

common in elderly people. They are more frequent in men. 
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Tlio pfltlont wn« ailmlttcd to Vanderbilt University Hofpital and roentgen exnminntion 
of tUe esophagus and stomach with Imrlum was done. No filling defect or dilatation was 
present in either the esophagus or cardia of the stomach. Bronchoscopy revealed narrowing 
of the loft bronchns ns it paused Into the lower lobe, but no ulceration or otlior nbnonnaHties 
were seen. 

On Nov. 16, 1047, under nitrous oxide, oxygen and ether inhalation anesthesia, ex¬ 
ploration of the chest was nmdo. A posterolateml incision was made over the left sixth 
ril) and a long segment of this rib removed subperioetcnlly. The incision wns extende<l through 



1.—-Roontsenogram made Peb. 16, 1947, nine months prior to operation. 



-Roentcenoffvams made Nov. 8. 1947, one week prior to operatJoru 
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' LEIO]\rYOMA OF THE LUNG 

R. B. Williams, Jr., M.D., and Rollin A. Daniel, Jr., M.D. 

NASH^^LLE, TeNN. 

RHIARY leiomyoma of tlie lung is rare. Review of the literature reveals 
that only four have been reported. Brahdy' reported a case m a young 
woman, aged 18 years, Avho was being studied as a tuberculous suspect. Roent¬ 
genogram of the chest showed a 1.6 cm., round area of density at the right lung 
base. X-ray examination of the- chest made six montlis pre-snously had shown 
no abnormality. The sputum became positive for acid-fast bacilli and in 
nineteen months a typical tuberculous infiltration was found in the right upper 
lung field. The mass at the right base gradually increased until three yeai's 
later its diameter Avas approximately twice the original. Surgical exploration of 
the chest was done at this time and a “localized,” round mass 2.5 cm. in 
diameter was found in the loiver lobe of the right lung. The lower two-thirds 
of the lobe including the tumor Avas removed. The patient made an unei’entful 
recoverjL On cut surface the tumor Avas fim and Avhite. Microscopic section 
revealed it to be a fibroleiomyoma. 

ForkeP reported a case of leiomyoma of the lung found at autopsj’ on a 
Avoman, aged 63 yeai’s, AA^ho died of pneumonia. The “lemon-sized” mass A\as 
found in the apex of the upper lobe betAveen the seeond and fourth ribs. 
Deussing® reported a woman, aged 57 yeai's, Avith multiple pnniary myomas of 
the lung found at autopsy. Franco'* reported an autopsy on a 56-year-ol 
woman in whom a 13 by 11 by 9 cm. mass Aims found in the upper lobe of the 
left lung. This tumor Avas thought to be a leiomyoma. 


CASE REPORT 

On Jan. 18, 1047, an S-jenr-old white girl wns seen in the Vanderbilt Unirereib 
Hospital Pediatric Clinic complaining of a chronic cough of four years 
cough was productive of clear mucoid sputum. There had been no pain, djspnea, or 
hemoptysis, weight loss, cyanosis, or retardation of growth. The child had 
school and carried on normal physical activity without noticeable diffietJL- exnnii- 

nation revealed some cervical lymph node enlargement and mild rhinitis. lysi 
nation of tlie thorax and lungs revealed no abnormal findings. Chest roentgen^gm ppj 

was made and interpreted as shon-ing no abnormality. Allergy skin tests we pjigrgcii 
several positive reactions obtained. Desensitization consisting of wcekl) injec i 
was begun. jo ],ave 

The cough after ten months was not improved. She was found at is ^ 

absence of breath sounds over the lower left thora.x posteriorly. Been nnsteriorly 

• * 1 D 7 cm. 

chest was repeated and revealed a dense opacity measuring iu u.i • 

over the mid-portion of the left diaphragm (Pig-' 2). The original x ray pnrtiall.v 

was reviewed and the mass could bo seen in the same location but was sma 
obscured by the heart shadow. 

From tlie Department of Surgery, Vanderbilt University School 
Received for publication June 13, 11)19. 
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brondius for almost entire Icnptli \to 8 Hurroundod by tlic tumor and wna oblltemted by it. 
Tho cut surface of tlio tumor pale yelloa nt the periplioiy with a ccntrul core which wa* 
light yellow and. opaque with 8on>o diffuse calcification. 

Microscopic sectiona (Fig, o) showed tlio tumor to l>o comjfoaed of largo whorls of 
spindle-shaped cells with elongutod nuclei separated by collagenous connective tissue soptn. 
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tlie periosteum and parietal pleura opening the hemithorax. A very large and extremely 
hard nodular tumor was found in the lower lobe of the left lung. This mass occupied at 
least one-half of the lower lobe, extending from the hilum laterally to the visceral pleura 
and domiward to the diaphragm. The left lower lobe was densely adherent to the diaphragm 
over an area abont 3 cm. in diameter and there were a largo number of short dense adhesions 
between the lower lobe and the posterior che.st wall. These adhesions were freed by sharp 
dissection and the lobe was freed from the diaphragm in the same manner. The fissure l)c- 
tween the upper and lower lobes was quite distinct. The tumor was found to envelope the 
lower lobe bronchus and was firmly and densely adherent to it. TOiat was tliought to be the 
lower lobe bronchus was freed and occluded, but on inflating the lung this was found to be 
the upper lobe bronchus and it became CAndent that the lower lobe bronchus could not be 
exposed. Because of this and because the gross appearance of the tumor suggested that it 
might be malignant, pneumonectomy was performed. Following irrigation of the pleural 
cavity with saline, the wound of the chest wall was closed in layers until interrupted fine 
silk sutures. 



Fig. 3.— Photograph made April 16, IDIO. seventeen months following pneumonectomj. 


The postoperative course was uncomplicated. She reacted well and only on 
had rectal temperature over 100.4“ F. On the second postoperative day thorncen 
performed and 120 c.c. of bloody fluid and 80 c.c. of air were rcmo\ed. She w 
after the third postoperative day. She received parenteral penicillin for six ays 
lively and was discharged from the hospital seven days after operation. dipper 

Since discharge the patient has had no serious difficulty'. She has had restricted- 

respiratory infections and her activities at school and at home have not 
She has very little deformity of her thorax (Fig. 3). Roentgenogram o ],en,itliorax 

Jan. 27, 1949, revealed the right lung to be clear. The lower one-half of the 
was opaque. The trachea and the lieart were displaced markedly to t le e . 

Examination of the specimen (Fig. 4) after operation revealed the ivhite tumor 

252 Gm. lu the lower lobe was an oval, slightly nodular, firm, gurfnccs of 

measuring 7 cm. in diameter, presenting at the posterior, loteral, an m 
the lung. The pleura covering the tumor was smooth and glistening. 


AN APPARENTLY CONGENITAL BRONCHOESOPIIAOEAL FISTULA 
PERSISTENT TO jVDULT LIFE 

Dougms R. jMoimiN-, jr.D., Johnston F. Osbornk, JI.I)., anii 
Kabl P. Klassen, jr.D. 

CoLUJints, Ohio 

D uring the pnst deende significant progress in tlie ficid of tliorncie surgery, 
together witli the addition of chemotherapy and antibiotics to our thera¬ 
peutic armamentarium, iias accomplished tho successful management of many 
cases of abnormal esophageal eomnuinientions. These esoi>hagcal fistulas aie 
classified into two main types: congenital and aerjuired. The latter is encoun¬ 
tered mast frequently, and may exist for a length of time wthoiit producing 
SATnptoms; in some instances it is even compatible mth a relatively comfortable 
existence for a number of months. The congenital type invariably manife.sts 
itself with tho first ctfort at swallowing, and if not recognized it Ls snpposcel 
uniformly to result in early death of the infant. 

MonsorraU reported a scries of 670 cases of c.so])hagcnl fistula which 
illustrated the preiwndcranco of tho acquired t)-pe. Three hundred sixty-seven 
were as-sociated with neoplasm, 222 were congenital, 41 were due to infection, 
and 40 were traunmtie in their origin. Sloersch and Tinney’ in 1044, and 
Abbott’ in 1945, addetl additional eases; however, these reports were limited to 
the acquired type and levealod etiological factois similar to thase of Monsorrat. 
The most common eausas of tho acquired typo of csoidingcnl fl.stulas are asopha- 
geal and bronchial carcinoma, neoplasm of neighhoiing .stmetnres, for e.xaniple. 
Hodgkin’s disease, tnljci-cnlosis (empyema and periadenitis), sj'philis, and 
trauma. Rarer cases have been reported sccondnn- to esophageal stricture, 
diverticulum, esophagitis, actinomycosis, syphilitic aneurj'sm, vomiting, alco¬ 
holism, and cardiospasm. 

Yogrt classified congenital esophageal anomalies into three main types os 
follows: 

Typo I. Complete absenco of the csoi)hagus. 

Type II. Atresia of the esophagus with an upper and lower esophageal 
segment, each ending in a bluid pouch. 

T^jic III. Atresia of the csophngtis tvith tracheoesophageal fistula, 

(a) With fistula between upper segment and trachea. 

(b) With fistula between lower segment and trachea. 

(c) With fistula Ijetwccn both segments and trachea. 

The congenital anomalies have been presented by Haight and Towsloy,’ 
Eadd,° and Holt, Haight, and Hodge.’ The latter group found 91.3 per cent of 

From tho Department of Ileaoarch Surgerj', Tho Ohio State University, 
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Fig. 5.—Photomicrograph of the tumor (about X-lOO). 


SUMMARY 

A report of a patient tYith a leiomyoma of the lung treated by pneunio^^ 
tomy is given. Four similar patients have been reported. One of 
successfully operated upon and ui the other three, the tumore t\ere oun 
autopsy. 
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Tie pnticnt waw plnrcnl on M*?lenuc iind noriwil i>fnirillln two days prcopemtivoly, 
rt^lting in n definite docrenje in sputum protluetiom 

On the fiftl> hoi«pi(nl tiny under pcnoml ondotmehenl nncstlu'sin a right poatcrolateml 
thomcotomy incision was nmde. After suhperioatcfll transection of the sixth and seventh 
rila at their posterior angles, the cheat was entered throngh the awth intercostal space. 
On exploration there was modemto fibrosis and ovidenco of hronchiectnals in the posterior 
portion of the right lower lobe, Tine adhesions between the parietal and visceral pleom 
were dirided. The iialnioimrv* ligament wan divided and the inferior pulmonary’ \'oin wiis 
ligated. During this process there was discovered a tuluil stnivture al>out 5 era. long and 5 
nun. in diameter, which extended from the right anterolateral aspect of the esophagus at 
about tlie level of tJio ninth thoracic vertebra to the sulwtanro of tho hllus of the right 
lower lobo posteriorly, about I cm. below the bifurcation of the riglit middle and lower lobe 
bronchi (Fig. U), Tho tubal slrncturo wns isolated easily, doubly ligated with fine silk, and 
upon sectioning exhibited tho chnrnctoristies of tho gnstrointcstinnl tract. Tho proximal stump 
was further closed with two over-end fine ►ilk sutures at its origin in tho esophagus. The 
right lower lobo wns then removed using the Individual ligation technique. After instillation 
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a series of 46 cases to be of Type III (b). However, one of their cases presented 
particular diagnostic difficulty, for which they suggested the addition of another 
ts^pe to Vogt’s classification ; single tracheoesophageal fistula without atresia. 

Because of the rarity of this condition, the following case of an apparent 
congenital bronchoesophagcal fistula persistent to adult life and associated nitli 
unilobar bronchiectasis is presented. 

CASE REPORT 

.T. G. S. (Xo. 484071), a SO-yeur-old white male university student was admitted to 
University Hospital June 10, 1948, complaining of cough of several years’ duration. Follow¬ 
ing pertussis at the age of 4 years, he had noted a mild, persistent cough. Although he was 
seriously ill with pneumonia at 5 years of age, there was no definite increase in his cough. 
Other than his main complaint ho remained in relatively good health until shortly after his 
entrance into the Army in 19451. After eight months’ hospitnliration for continuous colds, 
productive cough (1 cup per day), fever, chills, and weight loss of fifty pounds, he received 
a medical di.=chnrge from the Army, the diagnosis being bronchiectasis. Although there 
was some subsidence of complaints following discharge from the Army, he noted seasonal 
exacerbation of symptoms. 



Ip. 1-—Ad.iiiaslon bronchoeram which reveals severe saccular nl’ncea/flstuln- 

basal segment of the right lower lobe. Arrow points to bronchocsopii g 

On physical examination the essential findings were limited to the cliest, 
ight dullness and decreased breath sounds in the right posterior base. All la ora^^^ 
•ere within norm.nl limitc m./iof rm-pnlcJ an increased density m 


Igiu uuiincHs anu decreased breath sounds in the right posterior u.icv.. — - _ 
ere within normal limits. Chest roentgenograms revealed an increased 
E the right posterior basal segment. There was a 
levation of the diaphragm. ‘ ’ 


revealed an increased 

gment. There was a shift of the heart to the pic 

evation of the diaphragm. A bronchogram showed severe saccular bronc j^gnicnt 

isterior basal segment of the right lower lobe. Tlic changes in the anterior 
ere less severe (Pig. 1). 


iionxox CT AL.: CONOKXrr.VL IIROXCIIOF5V)PHAOK\L FISTUL.V 


815 


In Icnptli and 5 min. Jn dinmolcr nrlsinp from the rlgiit lower lobe bronchus. TIio fltituln. was 
opened and wiu* seen to contain n collection of inacus and nn undlpcstcd plcklo rind. The 
remainder of the lung was ntclcetntlc with dilatation of the main bronchi, illcroscoplc 
sections revcnlctl the flatulous tract to bo composed of smooth muscle tissue and lined with 
tliin stmtillcHl s<pianiotia oplthelium (Pip. •'!). The remainder of the lobe rcrenlcd the 
raicroseopie npjKTtianco of nd\*ancc<l hronehioctrisls. 

A tctIow of (he historj* vms undertaken with specific questioning of the patient and Ills 
relatives. The mother had hjporemesis gravidarum during carriage of the patient. There 
was no difficulty in nursing or swalloning ns nn infnnt. Tlic patient volunteered the following 
symptoiimtologv which nms jircvlnusly withheld l>ccnuso other physicians had Inlwlcd him os a 
ps\*cJioneurotie. 

During Ids eight months’ hoiipitalisnlion In an Army iiuspitnl ho complained of con¬ 
tinuous upper respiratory- Infection, congested nose, general iiinlniso, myalgia, and chills 
and fever. It was at this time that the rough and sputum pro<luction wore definitely in¬ 
creased, and it wms noted that the parai>-sms of coughing nnd choking sensations were 
initiated hy Ingcatlng fluids. "It seemed ns if something wns dripping into the Inngs 
whicli had to l>o ooughctl up." On many occnslous ho conghctl up colTee grounds, pen hulls, 
and bread crumbs. Tliere was no nssoclntod vomiting or regurgitation. Tliese paroxysms 
wore more frequent when lying down, especially when on tho left side. 

The patient was discharged greatly improved on tho thirteenth hospital day. Six weeks 
postoperatlvcly ho wns OKyraptomatlc and n roentgenogram revenlM minimal postopemtlvc 
plenml tldckeuing (Fig. 4). During tho yonr since surgery the s^-mptoms have completely 
subsided; he has gained weight, and Is doing well In his schoolwoik. 

DTSCUBSION 

Tlic iii'cccdius case presents two pathologic entities, n congenital Ijronclio- 
esopliageal fistnln and right lower lobe bronchiectasis. We assume the fistnla 
to 1)0 congenital inasmuch as the tract was sucli a well-definod tubal structure 
that when first seen in tho liilar substance it wns mistaken for nn accossorj' 
|]lood vessel. However, transection of tlic tube cxliibited tlic chnracfcristies of 
the gastrointestinal tract and wns followed pi-o.-dmally to its entrance into tlic 
esopliagns. Tlio adhesions encountered at .surgery’, nlthongli prominent over 
tile bronehiectatic lolxi, were absent over tlic jiro.ximal one-half of tho fistulous 
tube. ' 

.Vltliough cough had been pi-eseiit since infancy, tlie typical s\niiptoms of 
congenital esophageal fistnla did not become manifest until tho patient had 
reached adult years. Unfortunately those tj-pical svTnptoms were loosely labeled 
‘' psA-elioneurotic, ” nnd the patient Iicsitntcd before volunteering the informa¬ 
tion which aided in making a correct diagnosis of tlie condition ti-s found at 
surgery. 

soMMAnr 

1. A case of congenital bronelioesophagcal fistula witli sccondnrj- bronchiec¬ 
tasis m an adult is presented. 

2. The onset of tlie typical symptomntolog}- of a congenital broncliocsoplia- 
gcal fistula did not become manifest until adult life. Riglit lower lobectomy nnd 
closure of tlio esophageal fistula i-esultcd in complete recover^-. 
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Fig. 3.--Mirrophotograph (XIO) of broncliocsoplingeal fistula. Note squanious-cell epithelium. 



Fig. 4.—Roentgenogram of chest six weeks 


following right lower lobectomy. 




A NKW jrETHOD OK AUTOJIATIC CONTROLLED RESPIRATION 
JIlr^TOX n. ADKLltAX, JI.IL, Rouert A. Berjiax, JI.D.,* axd 
^VjmiUH S. W. TOLTiOFF, ^I.D. 

Nf.w York, N. Y. 

C ONTROLLED respiration nin.v he defined ns an nncstliolie tceliniquo in wliieii 
apnea is intentionally induced and respiration then maintained hy intei-niit- 
tent inflation o[ the lungs. First deserihed hy Ouedel and Treweek’ in 1934, it 
now is eon.sidercd h}' many surgeons and antslliesiologists to l)c a valuable aid 
in thomcio surgerj'.' ^ The development of niechnnical devices to maintain con- 
Irolled rcspiiation automatically was incntnhlo and the Scandinavian workers 
have l)een pre-eminent in the fleld. Tints, in 1940, Crafoord* of Stockholm de¬ 
scribed the Craroord-Fronckner spiropulsator and its successful application to 
thoracic surgery. iMoerch' of Denmark, in 1947, reported a respirator of onginal 
design for automatic control of respiration. llnutz,° one of the pioneers in our 
otvn countr}', presented his o.vpcricnces with a mechanical respirator for auto¬ 
matic and augmented breathing in 1941. 

In our approach to the problem of automatic controlled respiration, wo hold 
the belief that there was need for an apimiatus loss complicated than tho.so 
dcscriltcd by the aroiementioncd workers. Thus, when Ilarroun and co-workers* 
reported their pcntotlial-euinro apncic technitiue in tmn.sthoracic surgery, it 
oocurml to us that some simple automatic demee could be adapted to the TTar- 
roun tcehnifiuo in oidor to maintain controlled respiration more effectively than 
by manual methods. The pneumatic balance rosuscitator appeared to Ite such 
a device. 

The pneumatic balance ixsu.scitator (FBR)t is a light, simple, .sturdy ap¬ 
paratus which jrermits of effective cleansing mid steriliaation. It was developed 
by Bums' and studied e-vtcnsivcly hy JloUcy and co-workois.’'' Li brief, the 
PBR consists of a differential jircssurc valve which converts continnoas po.sitivo 
pressure into intermittent piositivo pressure. Changes in positive pressui-c ai’o 
obtained through a pressure-regulating device attached to the soutee of contuui- 
ous pressure (osjgon cylinder). The differential pressure valve requires no ad¬ 
justment. A nebulizer can Ire uteorporated into the PBR for humidifleation of 
the dry o.xygen gas and for the nebuliration of antibiotics during anesthesia,” 
IVo have used the pontothal-cnrarc apncic technique in conjunction witli the 
PBR in hvonty eases. A brief description of this anesthetic technique and .some 
clinical oliseiwations follow. 

From the Department o£ AneaUiesloloRy and the Surctcail Sert’Ice of Dr. Artliur S. W. 
Touroff, The Mount Sinai Hospital, 

Hccelre<l for publication ilay 23, 1940. 

•Now ot St. Joseph’s Iloipltnl, Fur Rockaway, 7J. Y. 

_ tThe device la nianufacturcil by Uio 3Une Safety Appliance Company. nttHburAli. Pa. 
cL “ marketed as the M.SAl. Pneophore and hoa received nccoptancc. with rescmitlons. 
tno Council of Physical iletllclne of the American Meflicnl Association. 
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UUONt'HOSPIROjrETRY IN THE LATERAL DECUBITUS POSITION 

• 

Emu. RoTuswax, Jl.D.,* FBAKcas B. L.sstus, .\nu 

Ben'jami.v n. Narowck, SI.l).,i Wood, Wir. 

I.N’TBODUCTIOX 

S INCE the original work hy Jncobncus' nnd tlio clovciopment by Gebnuoi'’ 
and Znvod* oi double lumen soft mbber brouebinl catbclcra with oecUmivo 
balloons, bronchospiromotrj- has become an accepted procedure for analyzing the 
respiratory and ventilntoiy functions of the indiyidnni lungs. This report is 
a study of bronchospirometiy in the lateral deciibitus position ns one of a scries 
of studies in pulnionary and i-espiratory physiology. It leconls our obsen’ations 
on a numlwr of patients in whom bronchospiromelry was performed in one 
or both lateral decubitus positions immediately after a satisfaetory tracing was 
obtained with the patient supine. We have 8tudie<l eleven patients by this 
method. In six we have recordings in both lateral decubitus jjositions, and in 
five in the right lateral decubitus alone. Six of these patients had uncomplieated 
pulmonary' tuberculosis (Table I). In one there was a unilateral phrenic 
paralysis; one had unilateral artiflcial pneumothorax plus contralateral phrenic 
l>nral.vsis; one had a nonobstructing caivinoma of tlie left lower lobe bronchus; 
one had a mediastinal cyst; nnd one had had a right lower lobectomy for pul¬ 
monary tuberculosis associated with right phrenic paralysis. 

TECnNTQUE 

Tile patient is prepared by i-ecciviiig lJ/> gr. of iicntobarbital sodium by 
mouth one hour before bronchospirometrj'. Onc-half hour befoie the procedure, 
a hyiiodorinic injection of 100 mg. of dcmciol and 54; gc- atropine sulfate 
is administered. Ancsthe.sia of the throat and larynx is secured by local applica¬ 
tion of 2 per cent pontocahic. 

From the Tubcrculo^ln unrt Surirleal Sijr\iwn, Veternna .^dnilnlHtrallon Hot^pltaJ, Wood. 

WU. 

Si>on»orctd by tlte \>tcrunn Admlnlrtmtlon and i»ubll»he*\ with tlio approval of thfi Chief 
Medical Director. The t«t«tenicnt* and condualona publUhetl by the author* are a reeult 
of their own study and do not neccamrlly reflect the opinion or policy of the Vetemna Ad¬ 
ministration. 

Received for publ/catlon Auir. SI, 1949. 

•Clilef, Tuberculo*!* Sendee. Vetersna AdmlnUtratlon Center, Dayton. Ohio. 
tStaff member, Tubcrculojl* Sendee, Veteran« Admlnlatmtlon Hospital. 
tReeldent In Surcory, Department of Surc«t>% Yeternna Administration HoepltnL 
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cases. Operating conditions were excellent. It mirst bo emphasized tliat the 
work is still in its early phases and that the technique described should he exe¬ 
cuted onlj' by a skilled anesthesiologist. 

SUMMARY 

A new technique of automatic controlled respiration is described. The 
method utilizes pentothal-curare anesthesia and the pneumatic balance resusei- 
tator. A brief clinical report is presented. 
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AVitli the catlieter in the trachea and its tip in the left main bronchus 
(verified by means of fluoroscopy) the double-barreled catheter was connected 
to two Benedict-Eoth spirometers with the tanks containing oxygen. The balloons 
were then inflated and a graph was obtained from each lung by means of con¬ 
tinuous, simultaneous tracings on two revolving drums while the patient was in 
a supine position. Without displacing the catheter or deflating the balloons, 
the patient Avas helped to turn on the right side. A pillow Avas placed under the 
head. In all other re.spects the conditions remained unchanged. Eeadings were 
again taken from each lung Avith the patient in this position for a period of from 
tAvo to five minutes. The shorter interval Avas used only Avhen tlie respirations 
AA'ere smooth and uniform in size Anth an even slope indicating a smooth oxygen 
absorption cuiwe. The patient Avas then a.ssisted to roll on the left side and 
further graphs Avere secured in this po.sition. 


Table I 


CASE 

1 

o 

3 

4 

5 

6 
7 
S 
9 

10 

n 


DIAGNOSIS___ 

Pulmonnrj' tuberculosis, right phrenic pamlysis, left pnenmothonix 

Pulmonary- tuberculosis, minimal, left 

Pulmonary tuberculosis, far nclvnncetl, left lung only 

Pulmonary tuberculosis, minimal, right 

Carcinoma, left lower lobe bronchus 

Pulmonary tuberculosis, minimal with left phrenic paralysis 
Atecliastinal cj-st, right 

t'ulmonary tuberculosis, moderately advanced, bilateral 
Pulmonary tuberculosis, far advanced, predominantly right-sided _ . 

Pulmonary tuberculosis, post right lower lobectomy and right phrenic paralysis 
Pulmonary tuberculosis, far advanced, predominantly right-sided___ 


Tile total oxygen consumption (the amount used per minute by both lungs) 
and the differential oxygen consumption of the right and left lungs, the total 
tidal air and its diAUsion between the Iaa'o lungs, the A'entilation equivalents, 
and in some cases the Autal capacities of each lung Averc compai’ed AA'ith the 
patient supine and in the right and left lateral decubitus positions. In making 
these comparisons, the slope of the ^’aph (see Pig. 1) Avas used to determine 
the oxj^gen absorption. In making tidal air determinations, consecuthm, m i 
A'idual re.spirations Avcre mea.sured Avith calipers over a two- or tluee-nunn e 
interval. Identical respiration's by the right and left lungs Avere thus measiue 
and an average determined for each lung. r e 

Not all patients avIio haA^e bronehospirometric studies are suitable or ^ 
special determinations. As the procedure is prolonged there may he 
cough and secretion, and in some the catheter becomes partly dislodged 
patient is turned on the side. The nervous temperament of die patmn 
his Avillingness to cooperate are important factors in securing satis ac 
tracings.- 

RESULTS 

Application of logic to our knoAvledgo of pulmonaiy 
anatomy and physiology^ Avould seem to dictate that the hmg Avhic i 
should do less of the breathing. Our results, hoAvever, Avould m ma 
exactly the opposite is true. 
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(lisojiRC niid most showed nltemtions from this iioi'mal range even while in the 
supine ]K)sition. Table III illustrates these pcrecntagca for the patients when 
supine, and in eaeh lateial deeuhitus position. It will lie noticed that in cvem' 
instance the under lung shom a definite increase in the amount and percentage 
of the total oxygen consumed and that in some eases this was quite marked. 
The percentage ahsorlied by the npiier lung was diminished in every case; the 
amount was often decreased as well. 

Tabij: lit. DircrjinKTiAi. O. ABsoai-TioN ik Ci'uic CEXTisinrnts Per Minite 
AND Ffm Cent of Total 
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•RJfftit phrenic p^raljulrt. 
tL«ft phrenic peralynln. 


Total Tidal Air .—The total tidal air with the iinticnt in the supine position 
averaged 636 c.c. ivith a range from 540 to 894 c.c. Little change in this total 
(Table IV) was noted with the patient in the right lateral decubitus but there 
was a moderate increase when he lay upon the left side (right lateral decubitus 
659 C.C., left lateral decubitus 696 c.c). The respiratoiy rate and, therefoie, tlie 
minute ventilation were essentially unchanged. 


Table IV. Total Tidal Air in Cubic Oentiiieteiis Per Minute 


CASE 

SUPINE 

IIIOHT LATEILVL 

LEPT LATERAL 

1 

002 

503 


2 

023 

083 


3 

053 

(387 


4 

052 

049 

022 

5 

681 

081 

710 

0 

000 

OoO 

042 

7 

707 1 

003 

757 

8 

609 1 

098 


0 

545 

572 


10 

894 1 

914 

1 883 

11 

407 1 

408 

1 600 

a\t:eage 

030 1 

059 

1 090 


Differential Tidal Air (Table V ).—In the normal uidividual tlie right 
side ventilates about 55 per cent of the total tidal air, and the left side about 45 
per cent of the total. In the presence of pnlmonaiw disease with the subject 
supine, the differential ventilation is usually much less affected than the oxygen 
consumption. An abnormal lung may contribute its normal percentage of the 
total ventilation. This can he seen by a comparison between the first four 
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Total Oxygen Consumption .—Absolute readings of oxygen consumption by 
both lungs are not of much value when bronehospirometry is performed because 
of the lack of basal conditions, tlie addition of sedation, and the extra effort 
which is needed to breathe through the bronchospirometric catheter. These con¬ 
ditions do not influence the proportion of the total oxygen breathed by each 
lung. Therefore, in most bronchospirometric .studies only the relative percent¬ 
age of oxygen absorbed by the individual lung is measured. However, for the 
purposes of this study, it was felt that the total oxygen consumption should be 
measured as well as the percentage absorbed by each lung so that a comparison 
could be made between this flgure in each of the three po.sitions (Table II). 
With the patient supine, the total oxygen eonsumiition for both lungs per minute 
varied from 235 c.c. to 399 c.c. with an average of 303 c.c. When the subject 
lay upon the right side the total oxygen consumption for both lungs varied from 
284 c.c. to 574 c.c., with an average of 409 c.c. The total oxygen consumption 
increased in eveiy case in this position, ranging from 35 c.c. to 220 c.c., with 
an average increase of 108 c.c. or 34 per cent. One hundred and three cubic 
centimeters represented the average increase in the oxygen consumption of the 
right or under lung, and 3 c.c. represented the average increase in the oxygen 
consiunption of the left lung, but thei'e was considerable variation between indi¬ 
vidual cases. In several the oxygen consumption of the left lung showed an 
appreciable decrease. Six patients were studied in the left lateral decubitus 
position. These patients had an average oxygen consumption of 315 c.c. while 
supine and 343 c.c. wdiile l.ving on the left side, an average increase of 9 pei 
cent. This was due in each case to an increased oxygen absorption by the left oi 
under lung associated with a drop in the oxygen absorption of the right lung. 
In all but one instance the total oxygen consumption while lying on the left si e 
was less than that observed with the patient lying on the right side, an m 
tw’o instances it was less than while he was lying supine. 


Table II. Total Oxycjex Ab.sorptiox ix Cubic Centimeters Per Minute 


CA.SE 

SUPINE 

UIOIIT I.ATERAL 

1 

280 

414 

2 

198 

518 

3 

2.35 

394 

4 

202 

418 

5 

340 

399 

c 

290 

384 

7 

399 

442 

s 

392 

574 

9 

231 

284 

10 

.330 

373 

11 

205 

299 

AVERAGE 

.30.3 

409 


34S 

2.02 

328 

481 



Differential Oxygen Consumption. —This term is used to deseii e 
portions of oxygen used by the individual lungs. The usual findingsjn 
subjects with the patient supine are as follows: the right lung a isor 
cent of the total oxygeu consumption and the left 45 per cent vi i 
5 per cent in either direction. All of the present group studiec la 
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COSCLVSinXH 

Broncliospiroinetrj- done in tlio iatcrnl deenbitiis position and compared 
witli readings obtained with the patient in tlic 8ni)ine position reveals a slightly 
increased percentage of ventilation and a inodemte to marked increase in per¬ 
centage of oxygon consumption in the under lung. 

ADDENDlIll 

a result of thU study, nn additionnl question wns mise<l* la the oi>'pen eonaumpfion 
inrreafle<l in tlie lateral deeuliitua position in patients not underpning bronrhonpirometrA ? 

Ten patients were atudie^l in the following nmnnor: Oxygen consumption wtm deter¬ 
mined in the supine, right Intcml decubitus, nnd left Uitcml detiubltus positions using the 
Benedict-Jloth metabolism apparatus, TIie»*o imtients reste<l nt least tlfteen minutes prior 
to the determination, but were not in a basal state. 

In eueh instance an increase in oxygen romramptlon was note<l in the lateral decubitus 
position as compared with the supine position. The nvemgo Oj consumption in the supine 
position was 300 c.c. 0, per minute. WIillc lying on tiie right side, the 0, consomption in- 
creascfl to 380 cj:. per minute, nn increnw of -fl imr cent. Wlillo l^dug on the loft side, the 
0, consumption increased to 374 c.c. per minute, nn increase of £2 per cent. 

Tliese findings are similar to those noted In patients undergoing bronchospirometry in 
the intoml derubltus position. The exact explanation for the increased ntilltation of oxygen 
\ritU the patient in tlio dooubltns position is not Iramediately apparent. A further trtudy of his 
problem is l>elng undertaken at this institution, and the results of this study will be rei>ortetl 
at n later date. 
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congested inidcr lung presents a larger capillary bed for increased oxygen 
absorption. This increased efficiency is also reflected in the diminished ventila¬ 
tion equivalent. 

Total Tidal Air .—This shoved 4 per cent increase with the patient in the 
right lateral decubitus position and 10 per cent increase in the left lateral 
decubitus. These changes are probably wthin the range of expenmental error. 

Differential Tidal Air .—The differential tidal air in nearly everj' instance 
shoved an increase in the percentage breathed by the under lung as compared 
vitli those proportions noted -vith the patient supine. It is difficult for us to 
understand vby this should occur. In three of the cases there vas paraly.sis of 
the diapliragm. Despite this fact the lung on the paralyzed side showed in¬ 
creased ventilation (as veil as increased oxygen absorption) vhen the patient 
lay upon that side. The one patient vho had artificial pneumothorax did not 
have readings made vhile lying on the pneumothorax side. 

Ventilation Equivalent .—Changes in the ventilation equivalent are merely 
reflections of the changes in oxygen absorption and minute ventilation and need 
no further discussion. 

As a clinical application of the findings described prenously, we should 
like to note that on a number of occasions vc have seen patients who wem 
dyspneic due to unilateral pulmonary disease. In several instances such patients 
have preferred to lie on the uninvolvcd side and have found that the dyspnea 
vanished or vas less distressing in this position. It is possible that this ohserv’a- 
tion can be ex]flained by the increased ventilation and increased oxygen absorp¬ 
tion described here. 

Vital Cajjacity .—The changes in the vital capacity Avere not constant. 


SUMMARY 

1. Broncbo.spirometiy in the supine and right lateral decubitus jmsitions 
has been performed in eleven ])atients. Six of these also had detcminations 
made while lying in the left lateral decubitus position. 

2. The total oxygen consumption increased an average of 34 pei cent vhik 
lying on the right side and 9 per cent while lying upon the left. This vas nc 
almost entirely to an increase in the oxygen ab.sorption by the under huio. 
the majority a simultaneous deci’ease xvas noted in the oxygen absorption o 
u])per lung but in some this lung also shoved increased oxygen absorption. ^ 

3. A definite increase in the percentage of oxygen consumption vas note 
every instance in the under lung. 

4. A slight increase in the total tidal air vas noted in the lateral as 
pared vith the supine jio.sition. 

5. A slight but definite inerea.se in the percentage of tidal aii vas 
in the under lung in the lateral position. 

6. The ventilation equivalent, an index of respiratory efficienci, 
creased in the under lung, indicating increased efficiency. 

7. The vital capacity showed inconstant changes. 
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unmll vacuolos. In the larger cell?, wlilch were fewer In number, the cjioplaam wns almost 
rompletcly occupicKl by n single large \Ttcuulc. The narlcl Avere small, deeply chromatic, nnd 
nsually centrally located except In the larger, unlloeulur itIIb wlicro they were eccentrically 
placed. 

In other parts of the tumor, wlikh grocxly np|)cnrc<l luyxonuituus, the cell walls had 
undergone dissolution leaving only senlteretl fusiform nuclei on n pule, fibrillary, basophilic 
hnckgronnil. Smnll groups of lymphocyti*K nnd plnsmn cells wore present throughoat the 
entire neoplnsni, more predominantly In tho dcgpncnitc<l areas. 



Flp. 6.—Photomlcroirrtiph llIuetmtInEr the hibemonui cell Ijtxj: ovoid and Irrcpuh'i. 
j‘acked with fine nnd coarse cytoplrumUc vacuoles, and poa*«*s!ne a small dark nucleus. Note 
the variations In vacuolar site and the lesemblnnce of this tissue to Immature fat. 

Special stains revealed tlie cytoplastnic vncuoleM to posses the tinctorial reactions of 
HjK)ld material. 

Dlatmosis .—Atypical lipoma dori\-ed from the human homologue of the hibernating 
gland (hibernoma).* 

Chemical Anol}/ait .—For comparison analysist >nia done on n large snl>cataneou8 lipoma 
simultaneously with tho hibernoma. Findings were ns sho\vn in Table I. 

The follbwing tests were dctcrmineil on the triglyceride of these tumors nnd are rcportcnl 
on that Imsls: 


Iodine number 50.0 55.0 

Acid value 3.1 5,3 

__ Melting point 22* C. 1* 0. 

, , ‘Dr. Brines confimKHl this dlnannsls and stated Jt to bo Identical with tho nsoidasm In 
■ds patient**- **• 

tThls chemical analysis was dono through the courtesy of Dr. E. L. Boloy, iVrmour and 
'-ompeny. Chkaco. IlL 
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left lung. Thci'e were ligated and divided mobilizing tlie internal surface of the mass. To 
minimize the likelihood of recurrence the tumor was resected en bloc with the attached chest 
wall containing segments of tlie third, fourth, fifth, and .sixth ribs. 

The chest was closed by anatomic approximation of its layers. Tlie thonicic, cavity 
wa.s not drained. Tlie operative procedure rcrpiired one hour and thirty-two mimitci;. Wliole 
blood, 1,000 C.C., was administered intravenously. 

The postoperative course was uneventful with the exception of 430 c.c. of a scro- 
sanguineous fluid which was removeil by tliomeentesis on the third postoperative day. The 
patient was discharged on the eleventh day following oireration. She has been completely 
asymptomatic since. 



Fig. 4,—Cut surface of the tumor disclosing its glandular attaching 

creamy gray substance interspersed by areas of translucent tissue, xne s>ny .> 
the tumor to the cliest wall can be noted In the lower riglit-liand c( 


corner. 


PATHOLOGIC RRl’ORT ^ ^ 

Gross Ufseriplion (Fig. 4 ).—Tlie .specimen consisted of a largo ^yerag- 

to the pleural surface of a portion of chest wall containing segments of four 
ing 5 cm. in length, together witli the intervening intercostnl structures. 
slightly bosselated, ovoid, pink, encapsulated, 14 by 12 by S cm., am mther 

Cut sections revealed a firm gnijdsh-orangc tissue interspersed by sma ' the'snrfai'c 
translucent, myxomatous areas. Thin-wnlJcd blood vessels wore prommen 

of the tumor. i t or was compoi’ed 

Microscopic Appearance (Fig. 5 ).—The capsule surrounding tlie um 

of moderately dense fibrous tissue and was intimately attached to the ^yoid cells 

The greater portion of the tumor tissue was comprised of clumps o pdttern. 

13 to COg in diameter, separated into lobules by delicate trabeculate nit nnJ 

The cytoplasm of the cells was eosinophilic and contained a varying «uiu 
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l>seudoHi>oma, lipoblnstoma, ntAiiiciil lipomn, nnd gi'nnulnr eoU myoblnsloniae 
mny be identical with the t\ 7 JicaI liibernonm.'®* 

Positive identification of an inimthoracic lipoma can usually be accom¬ 
plished only by exploratory thoracotomy or post mortem examination. Diagnos¬ 
tic needle biopsy of inti'afhoi’acic masses should not be employed as long as hope 
for ciu’atirc therapy exists. 


CONCLUSION’ 

1. Tlie successful iTsection of an unusual type lipomn, “hibernoma,’' occur- 
liiig ^ritll^n the chest is rccoi*dcd. 

2. The importance of exploratory thoracotomy in the diagnosis of intra- 
thorocic disease is emphasized. 
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Table I 


lipoma hibernoma 

(per.cent) (per cent) 

Naturally occurring conjugated diene fatty acids 

1.47 

1.06 

Naturally occurring conjugated triene fatty acids 

0.01 

0.01 

Naturally occurring conjugated tetraenc fatty acids 

nil 

nil 

Linoleic fatty acids 

2.04 

4.62 

Linolenic fatty acids 

0.20 

0.16 

Arachidonic fatty acids 

0.11 

0.18 

Total polyunsaturated fatty acids 

3.83 

6.03 

Oleic fatty acids 

50.38 

51.06 

Saturated fatty acids 

45.79 

42.91 


100.00 

100.00 


DISCUSSION 

Most intivatlioraeic lipomas oi'iginate from the mediastinum. Hourglass or 
dumbbell shaped tumoi-s, in their relation to the intereostal space, are less 
common while bronchial and parietally situated subpleural lipomas are 
rai-g 3,5,17-21 'With the increasing incidence of routine and survey chest roent¬ 
genograms, most of these tumors ■null be detected as asjTnptomatic opacities. 
Large lipomas vull produce signs and s 3 Tnptoms according to their locations. 
Small tumoi’S will command attention if endobronchially located. 

The liability of sarcomatous change thus demanding immediate and complete 
surgical excision of lipomas has been stressed. 

Hibernoma, the particular tj^ie of tumor found in tliis patient, was probably 
first desciubed bj^ ]\Ierkel in 1905, wdth the term “adenoma of sebaceous gland. 
The word hibernoma was introduced b.y Geiy in 1914 while discussing a case 
report.^” He believed it to be a neoplasm originating from homologues in man 
of hibernating glands. The specific foirni of adipose tissue present in hibematnio 
glands had been known for many’ 3 ’ear.s, having been mentioned by 
1670,^'' and later studied bj’ numerous authors."'""® Bonnot®® and Hatai nsec 
the name interscapular gland to depict this structure and reported its occurrence 
in human beings. From a detailed study’ of adult and embryonic human tissue^ 
Bonnot traced its origin from the I’egion of the primitive jugular vein. 
the interscapular gland is a paired, light brown, lobulated, irregular, ^ 
mass, situated on the shoulder and side of the neck between the superior oi 
of the scapula and clavicle. This glandular structure is composed o ^ 

areas of multiloculated or eoareely’ granular fat cells occasionally’ 
small portions of lymphoid tissue, somewhat resembling the hemo y mp ^ 
of lower mammals. A variety’ of functions has been ascribed to is 
tissue; hemopoiesis, hemocatheresis, fat storage, an origin of ° 

nervous sy’stem, part of the thymus, and as an endocrine gland. • grines 

Tumoi-s- of this stnicture have not been recognized except rarely. 
and Johnson*® presented the published cases, listing nine as reasona y au 
seven possible, and describmg one new instance. Although they o no a 
of the nomenclature, they believe it to constitute a definite onco ^ ^ 
is probable that some of the neoplasms diagnosed as xantholiporaa. 



bATE RESULTS JN FOUR IIUNUREO TWENTY TUBERCULOUS 
PATIENTS SUBJECTED TO TUORACOPLASm" 

E. HAON-MraxcKE, 51.D.* 

Roskild>:, Dekmahk 

T he ovniuntioii of <lie rosulLs of flionicopJn.stic treatmont of pulmonan’ 
tutwrculoais often eauscs difflcullics. NollniiR i.s Rained from jnst statiiiR 
llic iicroentoRe of rceovciy of a small mtinber of i)atients .sliortly after tlie 
operation. It i-equires a sutlieient mnnber of patients subjected to nniform 
methods of operation; e.taet information about tliLs material must lx; at liand 
so that the condition of the patients immediately prior to operation is knorvn, 
and so that it is erident what patients were selected for operation. Further¬ 
more, it rotjuires an observation period of at least two or tlii-cc .rears, besides 
e.xact criteria, for the judgment of final results. Especially, it must be clear 
what is required for describing a patient as healthy, in which connection culti¬ 
vation methods for tnlrerclc bacilli from sputum and gastric lavage water must 
be considered. A sj-stematie statement of results year by year after the opera¬ 
tion would be still better. 

The material stated in this paper meets the.se demands. It involves the 
total number of thoracoplasty patients in the 0rcsundshospital, Copenhagen, 
during the years 1935 to 1941. Altogether, the material comprises 424 patients 
with pulmonary tuberculosis subjected to paravertebral thoracoplasty on mod¬ 
ern principles, including o.'ctensivc resection of the upper ribs. However, 
operation in eases of empyema rarities, as well as other atj'pical operations, 
have been e.’ccluded. The subsequent investigation has given exact informa¬ 
tion about all the patients during at least three years after the operation: 141 
have died, 132 of tuberculosis, 9 of auotlier intcrcurrcnt disease, suicide, or the 
like. Of tlie latter, 4 died shortly after the operation, so that tlie permanent 
residt could not Ije estimated. Tliey have therefore been struck out of the ma¬ 
terial. The lemaining 5 did not die imtil long after tlie operation, and as their 
condition immediately prior to death was known, they have been registered in 
accordance with tiioir state of lecovery in the period prior to death. Accord¬ 
ingly, tho material thus eoiTected will include altogether 420 patients 

Table I shows the distribntion according to sex and age. There is a slight 
preponderance of female patients. The majority of patients were between 20 
and 40 years of age, only a verj- few above 50 and none below 15 years. 

Table 11 shows the duration of tho disease prior to operation. As it is 
impossible to establish the exact moment of onset of tho disease, its uiception is 
assumed to be tho moment when tubercle bacilli wera demonstrated for the first 
time in the respective patient. The majority of cases were clironic, with a case 
history of more than two years. Some patients, however, were operated on 
irithin she months. Still, that does not mean that flash ca.ses were submitted 

Prom the Orewndahoapltal, Copenhagen, Senior Phj'sidan. K. Turning. M.D. 
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Tiiiis, 87 por cent of tlic cases avcto cnvotiious, wlicreas cavities could not 
lie demonstrnicil with certainty in 13 per cent (doubtful ring shadows and 
clearings of less than 1 cm. in diameter were ouiittcd, and systematic tomogra- 
ph.j- was not performed). 

Tlie caAities wore divided into four groups: 

1. Apical cavities, situated in a frontal picture on a horizontal 
lilane tiirough the first costal cartilage 

2. Infraclavicular cavities, reaching further downward.s, on a 
horizontal plane through the second costal cartilage 

3. Sliddle zone canties, at a lower level, on a horizontal plane 
separating the middle and lower one-third of the lung aiea 

4. Basal cavities in the lower one-third of the lung area 
The distribution is seen in Fig. 1. 

hTfleen per cent had multiple cavities. 



Flfi. 1.—Site of the cavltle*. (Thirteen per cent without cavities.) 

Table TV gives an idea of the degiee of infiltration: the total affected area 
in no less than 63 per cent of the cases had an e.'ctent corresponding to more 
than one-half the area of the lung. 

The size of the main cavity is seen in Table V. This added to earlier in¬ 
formation shows that the material was heniily weighted. 


Tasse V. The Size or tue Cawties 



CAREa 

PEE CENT 

Small, diameter less timn 3 em. 

J33 

30 

Large, diameter 3 to fl cm. 

379 

49 

Giant cavitiefl, diameter more than 0 cm. 

63 

16 


The next problem is tlie condition of the contralateral Inug, which is seen 
in Tables W and Vli. 

It appears that there was no hesitation in operating on patients with slight 
contralateral piocesses, whereas some reserve was sho'vn when the latter ex¬ 
tended over more than one-third of the area of the lung. In regard to activity 
h will be seen that the indications were fairly liberal; 20 per cent had doubtful 
and no less than 10 per cent clearly active processe-s. 
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Tabl'e I. Sex and Age 


AGE (YK.) 1 

MALE 

j FEMALE 

I ALTOOETIIEE 

Below 15 

0 

0 

0 

15 to 20 

13 

23 

36 

20 to 25 

33 

47 

- 80 

25 to 30 

43 

72 

115 

30 to 35 

42 

40 

91 

35 to 40 

2G 

30 

62 

40 to 45 

14 

9 

23 

45 to 50 

5 

4 

9 

Above 50 

1 

3 

4 

Total 

177 

243 

420 


to operation, as part of these patients ivere actually chronic cases which wm 
not disclosed and diagnosed until at an advanced stage of the disease. The 
yeneral rule is that pneumothorax i.s fiiNt tried and, if that fails, the patient 
is confined to bed some months to sec whether the processes pi-esent signs of 
icgre.ssion under conservative treatment. 

T.vble II. The Di;iu\tion or the Disease. Fuom Fiust Df.mon'stratiox of Tubercle 

Bacu.ei to Oper-vtiox 


More than 2 years 221 

1 to 2 year.s ’ ' 57 

to 1 year 

less than tfi year _^_ 73 

Total 'ISO 


! ‘ eviously applied active treatment is evident from Table III. 

'i'.'c status of the patients immediately prior to operation was as follows. 

All were found to be bacillary, most of them by direct microscopy of 
sputum, a feiv by cultivation of s]>utum or of gastric lavage fluid. 

Of the greatest importance are the roentgenologic conditions. First the 
opei*ation side shall be discussed. 


Tahi.e hi. Antecedent Active Trfatment 


Pneumothorax impossiljle 

Unsuecessful pneumothorax treatment 

Pneumothorax treatment nornmlty carried tlirough before 

Phrenic CTOlaion 

Paraffin ptombage 

Unsucccsaful attempt at extrapleural pneumothorax_ 



SITE OF the C AMTl ES 
Apical 

Infraclaricular 
Middle zone 
Basal 

Without cavities 


Table IV. The Oi-ebation Side 


NUMBER 


MULTIPLE CAVIT1E.S 


78 

i 

218 

07 

30 

19 

2 

0 

55 

. 

420 

5ti 


"Involvement OF 

JIORE THAN ONE- 
HALFl£^ 
28 
141 
35 



Total 
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Iwldl.v. Tlie definition of llic notion “pood chronics’’ vncies somewhat in the 
reports of the different autiiors who apply it. In ttiis material a pood ciii'onic 
means a jiatient who corresjionds to tlic followinp criteria: 

1. Normal temperature durinp the last two preoiierative months 

2. Stationarr- or increaainp woipht durinp the same period 

3. No severe dyspnea or other more serious complications 

4. Ape between 15 and 50 years 

5. Hoentgenopi'am of lungs shows typical chi-onic process with 
letraction (possibly of unknomi duration) or nontypical pioccss, 
but unchanped picture durinp at least six inontiis; processes involving 
less than one-third of the area of the contralateral lung, and inactive 


Table IX. Oooa Chronics 




PFJi cf:nt 

Oood ehronlea 

21»S 

30 

nemaininp patient? 

292 


Total 

420 



Table IX shows that only 30 jicr cent of the 420 patients were good chron¬ 
ics; thus, the indications have been vorj- liberal. 

The technical details of the operation itself will not be .stated here; it is 
only emphasized that all cases deal 'vith modem thoracoplastic operations in¬ 
volving extensive resection of the upper rilis. 

In 261 out of the 420 ca.sc3 apicolysis was performed in connection with the 
ojieration, so that the latter was carried out as a .Semb aiucolysis thoracoplnst.v. 


Tabu. X. Tire OrrauTiOK 


RIBS 

I UJW THAN SIX 1 

1 

RIX TO EIGHT i 

HOKE THAN 
EIGHT 

! ALTOGCTllEn 

One 8tne:e 

S4 

29 

2 

:i6 

T\to Htftges 

12 

213 

17 

OJO 

Throe Btnpo? 

0 

21 

29 

50 

Four HtaRefl 

0 

4 

0 

13 

Total 

90 

207 

57 

420 


h'urther information Is given in Table X, wliich also shows the extemnve 
division of the operation into stages, althouph some of the minor apical thoraco¬ 
plasties were performed in one stage. 

Table XI allows the operation moriality (death within two montlis of the 
operation). It incicases accordhip to the cxlcnsion of the tuberculous process. 


Table Xt. Thk OCEievnoN ilouTAiATT 


OBOUP 1 

1 1 OrrJLATlO.N’ lIOttTAUTT 

1 KUMDER IK OKOOr 1 

KUilBER 

1 PER CEKT 


1 

<KK> 

15 

7 


o 

102 

14 

9 


3 

20 

3 

12 


4 

10 

4 

40 


Total 

420 

36 

S.6 
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Table I. Sex and Ace 


AGE (YR.) 

1 

MALE 

1 female 

1 ALTOaETHEE 

Below 35 



0 

0 

0 

15 

to 

20 

13 

23 

3G 

20 

to 

25 

33 

47 

80 

25 

to 

30 

43 

72 

115 

30 

to 

35 

42 

49 

91 

35 

to 

40 

2C 

3G 

62 

40 

to 

45 

14 

9 

23 

45 

to 

50 

5 

4, 

9 

Above 50 



1 

3 

4 

Total 



177 

243 

420 


to operation, as part of tliese patients wei’e actually chronic eases ivliieli were 
not disclosed and diagjiosed until at an advanced stage of the disease. The 
general rule is that pneumothorax is fii'st tried and, if that fails, the patient 
i.s confined to bed some months to see whether the processes present signs of 
regression under conservative treatment. 


T.vble II. The Duration of the Disease From First Demonstration of Tdbf.rcle 

Bach.i.i to Oreration 


- 

^lore than 2 years 

221 


1 to 2 venr.s 

57 


% to 1 year 

69 


less than year 

73 


Total 

420 


P' eviously applied active treatment is c\ndent from Table III. 

The status of the patients immediately prior to operation was as follows. 

All were found to be baeillaiy, most of them by direct microscopy of 
sputum, a few by cultivation of sputum or of gastric lavage fluid. 

Of the greatest importance are the roentgenologic conditions. Fii'st the 
opei-ation side shall be discussed. 


Table III. Antecedent Active Trf..vtment 


Pneumothorax impossible 

Unsucce.ssful pneumothorax treatment 

Pneumothorax treatment nornially curried tlirougli before 

Phrenic evulsion 

Paraffin plombage 

Unsuccessful attempt at extrapleural pneumothorax_ 



Table IV. 


site of the C AVITIES 
Apical 

Infraclavicular 
Middle zone 
Basal 

AVithout cavities 


number 

78 

218 

67 
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Taule Xru. PEnMAN'EhT Kesulta Obtainfj* for the Goon Chronics 



NHUBER 

I'ER CENT 

KonltUv 

75 

08.0 

Ill 

32 

25.0 

Dead 

21 

10.4 

Total 

328 



Of tlie surviving pationts 70 l>or cent Itenlthy 
Opomtion mortnllty, 3.1 por 


This is further illustrated in Table XIII. It apjteurs that in the particn- 
Inrly appropriate eases the results arc considerably better, until a reeovciy pcr- 
eentape of 58.0, and the operation mortality has deei'ca.sed to 3.1 per cent. Be¬ 
sides, at the evaluation of results, it is important to emphasize the rigorous con¬ 
ditions required \vitli regard to the demonstration of tuberclo bacilli. 

In most foreign materials direct microseopj' for tulicrclc bacilli is the 
normal procedure, whereas cultivation methods arc not used to a very large 
e.xtent. B-vact information about these facts is neecssan- for estimation of the 
final results of the operation. 

From thus material it appears that if cultivation from sputum and gastric 
lavage water Ls left out of consideration, 7 per cent more patients will be regis- 
teted as abaoillarj’, which means that the percentage of recovery tvill o-xceed 
fifty. B.xuct information aliout the total material ns woU as about the good 
chronics is given in Fig. 2. 


I.—Late reHUIta: 



n, with cultlvetton niotlxKl*; b, wlUt onlr direct microscopy for tubercle 
.baclUL 


The results are further illustrated in Tables XTV and XV, wliieh show 
the importance of the cavity. It is remaricalde that the results are very good 
for the middle-zone oarities, as well as for the large cavities ivitb a diameter 
of more than 3 cm. 
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The permanent results of the operations can only be estimated on the basis 
of a long observation time. It is of no use mei’cly to report—as is done by many 
authors—that the surgical treatment of cavernous phthisis has afforded this or 
that result on the patient’s discharge from hospital. Despite well-being and 
apparent collapse of the lung many’ of these patients continue for a long time 
to discharge bacilli. 

Therefore, the re-examinations of the patients in this study were carried 
through Math an observation time of at least three years, even up to seven years, 
for the oldest patients. In spite of the difficulties of M'ar all the patients coidd 
be traced and exact information about their condition could be obtained, so 
that the re-examinations could be terminated "with a result of 100 per cent. 

With regard to the permanent results the patients were divided into three 
groups: healthy, iU, and dead. To be characterized as healthy the patient 
must be: 

1. Eoentgenologically stationary, M'ithout signs of residual cavi¬ 
ties ; Muthout signs of fresh processes or of progression 

2. Abacillary, that is, 

(a) in case of expectoration, cultivation of the sputum must 
be M'ithout tubercle bacilli 

(b) if expectoration is impossible and gastric lavage has been 
perfomed, cultivation of the fluid must show no growth 
of tubercle bacilli 

3. Without serious complications, such as severe dyspnea, per¬ 
sistent thorax fistulas, etc. 

AU the other surviving patients Averc called ill. 

Thus, it is seen that cultivation for tubercle bacilli has been performed for 
all the patients Avith expectoration. In 75 per cent of the other cases gastric 
la\mge AA’as performed. Thus, it is eAudent that A^eiy rigorous conditions must 
be frflfiUed before a patient is described as healthy, seeing that the mere groAvth 
of one colony of tubercle bacilli by cultivation of gastric lavage fluid makes 
that designation impossible. 


Table XII. Permane.vt Eesults Obtained in the Total Body of Patients 




NUMBER 

PER CENT _ 


Healthy 

HI 

Dead 

Total 

193 

95 

i32 

• . 420 - 

46.0 

22.6 

31.4 _. 


Of the surviving patients .67 per cent healthy 
Operation mortality, 8.6 per cent 


Table XII shoAVs the permanent I'esults obtained in the total mateiia ^ 
patients. These results may not seem very brilliant, but it must e .j 
mind that clinically as Avell as roentgenologically the material Avas ^ 
Aveighted, and all types of thoracoplasty Avere perfomed, fium mmoi 
operations to the major total thoracoplasties comprising no less t an 
cent of the operations. 



IIA(IN-3IKI.VCKK: I.ATi: HFSri.TS IX TII()nAC(II'I,-\ttTy 


S-IT) 

In Table XIX arc scon the rcaiilts oC llic (lifTcrent tyjies of tlionu' 0 |)lnsl,v, 
the material lioinp divided accordinji to the form of thonicophisly iilniiiiod for 
each indiiddual patient: (1) apical Ihomcophisty reiteetion of up to five rilis; 
(2) upper lobe thoracoplaaty, six to oipht rilis: (3) subtotal and total fhoiueo- 
plasty, above eight ribs. 


Taiiia: XIX. llEsn.TS or nim:BEs-T OrEa,vno.\' Tvi'MS 



1 TOTAfi MATKniAI. 

_ . 1 

1 noon cnno.vi(*H 


TIIO[L\CO- 

PIa.\RTT 




xi'Miim 



Apienl 

70 

C.7 

00 

25 

0 

78 

Upper lobe 

2S1 

8i> 

45 

80 

5.4 

57 

Totnl 

00 

10.1 

55 

in 

0.5 

5S 


420 


■■■■ 

128 




Real understanding of the results of tbomeoplasty can only be gained 
through a comparison with the results obtained in corres])onding easc.s tbiough 
ordinary conaen'atii’e treatment. 

Such comparLsou.s, however, reyniro a nudorial of eouscrvalivcly trcaled 
patients corresponding to the existing thomcoplaslic nmlerial. 

A material of that descriiition has already been publi.sbcil by Cold (of tlio 
Cresundshospital). His material eompri.scs 695 ]iaticnls wilh cavernous jud- 
monarj’ tuberculosis, coiisciwativcly treated, and oKscn'cd Ihrough a period of 
six years. 'A comiinrison lictween the thoracoplaslie eases and Cold’s older 
chronic cases sliows, as ilhtstnitcd in Table XX, that aparl from some uncertain 
factors (differont observation period.s, etc.) the results for iialienis subjected 
to tlioracoplasty arc consideiubly bettor than for con.servatively treated jiatluiits 
(46 per cent, ns against 5.7 per cent). 


Table XX. Co.ssKitvATm: A.va TaoKACoeMSTie Tiowtwsnt 




llKAf.TltV 

onouT 

KI'llliKIl 

(I’Wt OKNT) 

3. ConporvntU'o 

51 

in 

Thoracoplojitv 

o«>o 

55 

2. ConserAnflvo 

52 

32 

Thomcoplnctj* 

102 

42 

5. ConRormtivc 

302 

0 

Tlioracoplnstv 

20 

.11 

4, OoDPormtlve 

72 

5 

Tliorncoploaty 

10 

0 

Total ConwrmtJvo 

204 

5.7 

Tliomcoploiity 

420 

40.0 


This superiorit.v on the jiart of thoracoplastie tivatment a|)|ilie.s to tlroiij)s 
1, 2, and 3, as the graphic description of Fig. 3 ivill show. 

Hardly any good results were rcgisforcil for the bilateral eavernolis eases, 
Ihrough either of the two treatments. 

A still better basis of comparison is a group of tialients eolleeled by (,'old 
and belonging to Croups 1 and 2, all of whom wero 61 for tlionieojilasly. 
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Table XIV. The Site of the Cavitiee 


Ihhhhh 

apical 

1 INFRACIBVVICDI.AR | 

MIDDLE-ZONE | 

BASAL 


41 (53%) 

93 (42%) 

27 (41%) 



15 

50 

16 



21 

77 

23 



77 

220 

66 



Table XV. The Size of the Cavities 



1 SMALL 

1 LiVROE 

1 GIANT 


Henltliy 

74 (50%) 

77 (43%) 

n (21%) 


Ill 

23 

43 

16 


Dead 

36 

50 

26 


Total 

133 

17.0 

53 



The importance of the contralateral lung is seen in Tables Xr\^I and XVII. 
The best results are obtained when the contralateral lung is sound; liowever, 
even in cases of extension of the processes under one-third of tlie lung area the 
recovery percentage is good. 


Table XVI. The Coxtkaiatfjial Lukg: Extension' 



( SOUND 

( LESS THAN ONE-THIRD 

1 MORE THAN ONE-THIRI) 

Healthy 

07 (55%) 

115 (45%) . 

11 (28%) 

Ill 

24 

04 

7 

Dead 

31 

79 

22 

Total 

122 

258 

40 


If the extension of the pixicesses exceeds this limit, or if there are actiic 
processes in the contralateral lung, the chances of recovery diminish consider¬ 
ably. 


Table XVIT. The ContbaLmVTEral Luno: Activity 


— 

1 INACTIVE 





SLIGHT 

ACTUAL ! 




SOUND 

CALCIFICA¬ 

TIONS 

INFILTRA- j 

TICKS i 

doubtful 

ACTIVE 

Healtliv 

111 

Dead 

Total 

07 (55%) 

24 

31 

122 

25 (57%) 

10 

9 

44 

57 (44%) 

37 

30 

130 

38 (457o) 

17 

29 

84 

0 (13%) 

7 

27 

40 _ 


The total extension of processes is of great importance in the prognosis, 
seen in Table XX^III. . 

It is remarkable that in Group 3 (extensive bilateral cases) a fan y ‘ 
number of patients have recovered. 


GROUP 

Healthy 

HI 

Dead 

Total 


Table XVIIL 


1 

117 (53%j 
48 
57 
ooo 


The Extension of 


08 (42%) 
41 
53 
102 














iiau.v-3ii:inckk: i.atk niWL'i.TO IX TiioRAcoriuis-n' 


&J7 

Coiiso(|iicntly, as sufficient iiiloniiatioii coulcl lie oiitaincd nboiit the ])atients 
Ill! tliroupli tile period of otiscrvntion, the total niatcrinl was made up year hy 
year according to the principles earlier mentioned. Variations through the 
first five years arc given in h'ig. 4, corre-sponding variations for good chronics 
in Fig. 0. 

Group 



Plff. 3.-~-Con»8n'allve and tboracoplajrtlc treatment a, Conaen’allvo treatment; 6, thoracoplaalr. 



The number of healthy patients shows a great increase during the first 
two years, after which it is fairl.v constant. Similarly, the mortality curve 
tises slightly during the first two years, and only a verj- little during the follow¬ 
ing yeara. 
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Table XXL Groups 1 and 2 




HEALTHY 

TREATMENT 

number 

(PER CENT) 

Conservative 

166 

10 

Thoracoplasty 

251 

51 


A selection from the thoracoplastic material of all patients of the first five 
yeai’s in Groups 1 and 2, results in 251 eases, all of them uuth an obsen'ation 
period of five years. These two materials offer as great correspondence as is 
practically possible, and show a recoveiy of 51 per cent, as against 10 per cent 
in cases of conseiwative treatment.* 


Table XXII. Groups 3 an'd 4 



THORACOPLASTY (EWE YEARS) 

CONSERVATIVE 
TREATMENT 
(SIX YEARS) 



4 1 

3,AND 4 


GROUP 


(PER CENT) 

(PER CENT) 



Healthy 29 ■ 0 19 

HI 19 . 20 19 

Dead 52 80_§2 


Number 21 10 _^ 


Conditions regarding Groups 3 and 4 are illustrated in Table XXIL In 
bilateral cavernous cases results were verj" poor in both ways of treatment, 
thoracoplasty, however, may he tried in Group 3 as I’ecoveiy was, after al, 
obtained in 29 per cent of the cases, whereas the cliances of a conservative 

treatment are negligible. „ 

Moreover, Cold has made up the results for good chronics, and as the defi¬ 
nition of tliis categorj’’ udthin the thoracoplastic material corresponds exact y 
to the definition used by Cold, the result is a material very suitable for com 
parison, consisting, as it does, of patients possessing the ideal indications or 
thoracoplasty. 


Table XXIII. Good Chronics 



number 

hbalthy 

CPER CENT) _ 

Conservative treatment 

39 

23 

62 __ 

Thoracoplasty 

76 


Table XXIII shows that even if fairly good results are obtained 
seiwative treatment of this tjiie of patients (23 per cent healthy) thoracop 
is still very superior to it. . _ 

Thus, it follows that witliin a well-defined group of patients, 
to those generally subjected to thoracoplasty, tlie permanent results o 
plastic treatment are found to he far superior to those obtained by consei 
treatment. . , 

A fact of verj^ great interest is the examination of the patient ® 
during the first yeai's after the operation. Only through such an exa 
is it possible to gain real insight into the future fate of a patient. 













HA(1S-MRIXCKF.; LATR RESt’l.TS IN TIIOItACOI’I-ASTY 


S4!l 

If this curve is comimred with the corrcspondiiii; cuitc of Cold’s mnierini 
(Fig. 9), it is impossililc to overlook the striking .superiority of thoracophi.sty 
to tlic conservative tientniont in siiniliir eiises. 

It lins often been ni^gucd that the effort of thomcopin.sty i.s not so nuich n 
lowering of the dcntli into (at any rate not during the fiist four to six years), 
a.s an incrcaso of the minihor of permanent ly nhneillaiw patients, as well ns 



Mk. 7.— Tliotmcopliuitr: 7e (osst chronln (without cultlviitlon) (lurlns nvo yonn-. 



8,—Tliomcopla^ty: 261 Oroupjs l nnd 2 . durinff five ycam. 


(luickened debaoillation. The eun'cs of this material certainly indicate (juicker 
debacillation, but at the same time the mortality of thoracoplastic cases (Fig. S) 
IS considerably lower than that of confiervativo treatment (Pig. 9). 

The same thing applies to the good chronics, whose mortality curves arc 
wxairded in Fig. 10. 
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In other words, the permanent results of thoracoplasty cannot he evaluated 
luitil after an observation period of at least two years. 

In the curve describing good chronics is seen the far greater percentage 
of recovery, as well as the very low mortality during the five years, vdthin this 
group of patients. 




Fi&. 6.—Thoracoplaety: 282 cases (Avithout cultivation) during’ fl > 

For comparison noth materials in which only direct mici'oscopy fo 
baciUi is used. Figs. 6 and 7 illustrate the corresponding ounces 
trithout cultivation metJiods. The results show up to still gieatei a 
and already after one year the condition seems.constant. ^ oinpai'ed 

Finally, to point out once more the good results of thoracop as j gjygn 
with, those of conservative therapy, the history of Groups 1 am 
through five A^eai’s, as .seen in Fig. 8 (Avithout cultiA'atiou metho 



tlAnN-JtEIN'CKK: UVTK nEHUI.TK IN THOR.\COI>L.ISTV 


851 


patients were ill. Twenty-seven per cent of thc.so were in good general con¬ 
dition and a loentgenologic examination showed appai'cnll.v pood collapse; no 
residuary' cavities could he demonstmted with the methods used, and the x-ray 
picture remained stationarj’. 

However, in 10 paticnl.s, examination of sputum showed plus tubercle 
bacilli dircctl.v, and, in 8, plus tulmi'cle bacilli on cultivation. The remaining 
9 showed plus tuliercle bacilli on cultivation from ga.stnc lavage water. In 
some cases cultivation showed growth of onl.v one, or a few, tulierole bacilli 
colonies; thus, after all, thoracoplasty caused a not inconsiderable improvement 
of the general condition, bbirthcr research will show the prognosis of sucli 
eases. 

DISCUSSION 

Compared with cases of conservative troatment, this snn'oy has shown 
fairly pood results of the thoracopla.stic troatment of chronic cavernous phthisis. 

If the operation material is selected from the group of good chronics, ex¬ 
cellent rosults are obtained for all fonns of thorncoplnst.y, nnmeb', recovery 
of rather more than 60 per cent, ns against 20 to 25 per cent by consen'ative 
treatment. Further, the operation mortality is verj’ low, about 3 per cent 
Thus, ivithin this field thoracopln.sty must no doubt be considered the funda¬ 
mental therapy, and prcferablo to con.seiTsfive treatment. On the other hand, 
the question of the value of thoracoplasty compared with other methods, for 
example, e-xtrapleural pneumothorax, has not been dealt MUtb in the present 
work. 

Extension of thoracoplasty indications beyond these limits—so that pa¬ 
tients ivith poorer general condition and major contralntcral processes are in¬ 
cluded—will, of course, lower the percentage of rocovery. Examinations have 
■sliown that even in case of inactive affections in the contralateral lung of up 
to one-third of the lung area, the residts obtained are far Ixitter tlmn coirespond- 
ing results of consen'ative treatment; in fact, even for doubtfully active pro¬ 
cesses in the contralateral hmg, possibly with ]>nenmothora-x, fairly good ro- 
.sults are obtained. Similarly, examinations regaiding the size of the cavity on 
the operation side show that good results are obtained even for cavities witli a 
diameter of up to 6 cm. These cases which, with regard to the total extension 
of the processes, belong to Groups 1 aud 2, show a recovery percentage of abont 
50 and an operation moriality of 6 or 7 jier cent, that is, far better than by 
conservative treatment, which can boast oidv about 10 per cent healthy patients 
in corresponding cases. Thus, a considerable extension of thoracoplasty indi¬ 
cations beyond the good chronics is fully justified. 

The point, then, is where to draw the limit, or, in other words, does thoraco¬ 
plasty pay in cases of heayv bilateral extension or of bilateral cavernous affec¬ 
tion t As mentioned prcviousl.v, practically no good results are obtained in 
these gronps b.v conservative treatment. In cases of bilatoral cavitj-, thoraco- 
plast.v does not, either, show an.v good results, even if the material contains few 
cases of this category, and probably should not, as a lule, be applied to such 
patients. On the other hand, tlioraeopla.sty of advanced cases vritbout contra- 
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Thus, it must Ijg admitted that modem thoracoplasty deci'eases mortality 
to a large extent compared with conservative methods, at any rate during the 
first five years after operation. 



Plfr. 9.—ConRervntlve treatment; 00 caRe.R, Groups 1 and 2, during five years. 



It should be remembered, too, that the description of a patient as i 
doas not imply that he is completely an invalid. Part of the patients hf* 
large cavity and plenty of sputum before the operation, and their condition vfls 
unstable. The operation caused considerable improvement of the general co ^ 
dition, involving apparent collapse of the cavity, decrease of sputum, ^ 
patient feeling well and fit for work; however, examination vdth .lij 

from sputum and gastric lavage water revealed occasional gi-owtli of haci i. 
Thus, it may be stated from the thoraeoplastic material that after five years 



/ 

jVN KVALUATION ok APICOOVSIS in TIIORACOPIjASTY 
F. IlAON-jMEINCKE, MJD.* 

RoSKII.DE, DENlIAnK 

D uring the tecimicnl development in recent years of tlioraeoplnstie oiiera- 
tions for tlic trentment of pulmonav)- tubercnlosis, the ideal kept in view 
all along lins Ikscii ndlicsionless pncnniothorax with its concentric retraction of 
the lung in all three planes. Through modern selective thoracoplasties in¬ 
volving radical resection of the upper ril)s, it is imssible to obtain intensive 
collapse of tho upper parts of the lung from side to side and also, to some 
extent, from front to hack. In a great many eases this noil be sufficient for a 
liossible ca\ity to collapse completely; however, in .some cases where the apex 
of tho lung adheres upwaid medially toward the mediastinum, the roentgeno¬ 
gram will .sometimes reveal an oblong, vcitical residuarj- cardtj'. This absence 
of collapse in apicocaudal direction has led to attempts at combining thoraco¬ 
plasty with extrapleural loosening of the lung apex so ns to bring about 
retraction in all three directions. 

These attempts have led to such oireretions ns paraffin plombagc and extra¬ 
pleural pneumothorax, hut also in connection uith thoracoplasty apicolysis has 
earlier been used Avith little success. Semb, irith liis extrafascial apicol.r'sis 
thornooplasty, was the first to erente a really radical and pennanent apico- 
lysis. This is the principle of his method; (I) nidical and selective apico- 
lysis perfonned through open dissection in the extrafoseinl layer; (2) 
radical rib resection, the e.xtent of which corresponds to tho apicolysis or more 
than that, so as not to leave behind any fragments of ribs that might “draw 
out” tho lung again; (3) mobilisation of rib periosteum following the surface 
of tho lung, so that regeneration of the ribs wll take place immediately over 
the loosened, collapsed part of the lung apex. This prevents re-expansion of 
the lung as well ns of lung hernias. 

Experience from literature on the subject rields little information ns to 
indications for apicolysis. The use of the method seems to bo a matter of 
routine, at any rate in operations in the upper lung regions. Results seem to 
be fairly satisfactory, though no reliable basis of comparison with nonapicolysis 
cases is at hand. It should, in this connection, be remembered that thoraco- 
plastie teclmiquo has developed so rapidly in recent j'ears that it has been 
impossible to form a lasting impression of an operation method until the ne.xt 
was introduced. E\Tilnation of these methods requires an observation time of 
at least two or three years after tlio operation, and if at tho same time a com¬ 
prehensive material is to be provided, it will take some years to collect this 
material, especially if it must be done in tho same hospital. 

Attention shoidd therefore be directed to that development of thoraco¬ 
plasty, including division of the operation into several stages and radical i-esec- 
•Chief of the TuberculoalB Dl8pcn*arr. 
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lateral cavity has, after all, jaelded good results; as mentioned, out of 21 pa¬ 
tients, 25 per cent were healthy after five years, and the operation mortality 
was only 5 per cent. This means that thoracoplasty may afford some chance 
of recovery if special indications speak in favor of it, for example, if the pa¬ 
tient insists on active measui'es because he is heavily affected mentally at the 
prospect of a prolonged and hopeless conservative treatment. 

The sununing-up of the thoracoplastic material, moreover, shows that tlie 
good results are obtained at an early stage, appearing as thej' do, vdthin the 
first tw^o years after the operation, after which time the condition remains 
fairly constant, that is, quick dcbacillation and permanent increase of the 
number of abacillaiy patients. TJius, modern thoracoplasty of chronic cavern¬ 
ous phthisis has shovui its superioritj’ to conservative therapy, even in case of 
vddely extended indications, and should occupy a dominating position Avithin 
the treatment of these forms of tuberculosis. 

BEPERENCE.S 

Cold, S.: The Prognosis of Pulmonary Tiiberculo.sis bj' Conservative Treatment, Copen- 
lingen, 3P.35 (Danish, -u-ith an English summary). 

Senib, C.: Thoracoplastv With E.xtrafacinl A])icolysis, Apia chir. Scandinav. (Rupp. 3/) 
76: 3-85, 3.P35. 
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two groups nro, perhaps, not after all quite eompamlile with eadi other; thus 
tlic apicol.vsis group might contain sonic more poor ohjocts of ojicmtion, wlio 
lower the recovery percentage ns much as npicolysis might increase it. Apart 
from the fact that e.vnminntion of the material reveals no sign of nbiiormnl 
distribution, a .somewlint closer analysis of results irill be necessarj'. 

In order to obtain two uniform groups of patients it would be practical to 
select the good chronics mentioned in the preceding article,* who fulfill the 
ideal indications for thoracoplasty. Such a selection would eliminate all poor 
objects of ojicmtion, who might othcrui.se be unevenly distributed, and pro¬ 
vide two ea-sily comparable group.s. Examination of the mateiial according to 
the preiiously mentioned criteria for the designation of good chronics shows 
that there nro altogether 7G cases of that description. Table II shows the results 
of the two groujis: 31 ivithout and 45 with apicolj’sis. 


Taiii.b tl. SreE.vre-Six aoon Ciino.virH 



wmroDT APicoLYfim j 

WITH APICOLTflIfl 

llenlthy 

20 ( 04^%) 1 

27 (00.0%) 

Ill 


11 


4 

7 

Total 


45 


This statement, too, does not .show any deviations in favor of the use of 
apicolysis. 

However, further olncidation of the question is possible through division 
of the material according to the extemsion of the lung iirocessos, as they appear 
on the iwntgonogram. The following table shows the results of the different 
groups with and without apicol.vsis. 


TAnr.E III. E.rrSKSioN or PnocESsEs 


oRour 


wrriiouT APicoT.Ysia 

wrril APICOLY8IH 

1 

Jloalthy 

32 (5.1%) 

47 (68%) 


III 

U 

' 18 


Pcfld 

]4 

1 10 

2 


27 (48%) 

22 (42%) 



Ifl 

13 



]7 

18 

3 

Healthy 

4 (33%) 

2 (22%) 


ni 

o 



T>cad 

0 1 

6 

4 1 

Ifenltiiy 

0 

0 


111 

0 

1 


Dcnrl 

r» 

4 


Comparison shows that only in Group 1, the mildest cases, tlie percentage 
of “healthy” patients treated with apicolj'sis is slightl.v higher than that of 
the nonapicolysis group. This difference, liowevcr, is negligible, and also in the 
other groujis with larger e.xtension.s of the [iroccsses apicolj'sis has had no 
favorable effect 

On the other hand, great impoiiancc mnst be attached not onl.v to the 
extension of jn-ocesses, but also to the site of passible carities; and so it will lie 


•Sofl png-e SS7 for article. 
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tion of the upper ribs, wliich took place immediately before, or simultaneously 
with, the tii-st appearance of apicolysis. The improvement of results appearing 
from articles on the subject, may be due to these circumstances as well as to 
apicolj^sis, and it is bard to decide which of these is more responsible for it. 
It should not be left unnoticed that operatoi’s ■who do not make use of apicoly.sLS, 
in many cases obtain results equal to those of Semb. 

It is evident from this that the value of apicolysis has not yet been e.stab- 
lished, owing to the absence of a mateidal suitable for thorough comparison. In 
the following, attempt is made to provide such a material from among the 
thoracoplasty patients of the 0re.sund.shospital during the years 1935 to 1941. 
Here, K. Tpming, as one of the finst operators outside Norway, has subjected 
this method to examination. At fii-st apicolysis was used only as an experiment, 
and then only in ease of apical medial cavities; later on, however, it was used 
more extensively. All througli tliis period, in Avliich, incidental!}", the operative 
technique used was on the whole the same, there was a suitable number of 
operations vdth, as well as Avithout, apicolysis. As early as 1940, Turning ex¬ 
pressed some scepticism toward tlie use of apicolysis in ordinary" upper-lobe 
thoracoplasty, whereas he did not (luestion its value in apical operations. 

The material to be used for a comjiarative investigation Avas described in 
detail in the preceding article, “Late Kesults in 420 Tuberculous Patients Sub¬ 
jected to Thoracoplasty,”* and the patients of the years 1935 to 1939 com¬ 
prise altogether 282 nonseleetive cases of lung tuberculosis treated with thoraco¬ 
plasty. The material is CA'cnly distributed, apicolysis being perfomed in con¬ 
nection Avith thoracoplasty in 148 cases, Avhilc the remaining 134 patients were 
not submitted to apicolysis. The results of these thoracoplasties Avere divided 
according to the principles mentioned earlier into three categories: healthy, ill, 
and dead. The same observation period, fiA'e yeara after operation, applies to 
all cases. This should provide a good ba.sis for examining the value of apicolyas. 

Table I gives a statement of the total material after an observation perio 
of five yeara. 


T.able 


Healthy 

111 

Dead 

Operation mortality 


Perm.axext Besults Aftek Five Years 


134 AVITHOUT APICOLYSIS 


xujiber 


PER CENT 


63 

29 

42 

11 


47.0 

21.6 

31.4 

8.2 


XUJIBER 


14S AVITH AP ICOLYSIS 

per cext 

lisT 

23.0 
29.0 
7.4 


71 

34 

43 

11 


It appears from this statement that the figures of the tAVO 
respond exactly to one another, Avhich means that at any rate in t e 
material apicolysis does not seem to haA’e carried any effect in one 
the other. HoAvever, the statement does not necessarily signify that ^ 

is of no value at all. In a limited number of cases it may verj" Ave 
cei-tain favorable effect, Avhich, on the other hand, is too shght to a 
total material. Besides, various factoi-s may intervene, as m cases Aviei 


*See page S37 for article. 



ItAON-JIBIKCKR: CTALIUTIOK OR Al>ICOI.A'(iIK I.V THOHA(»PLASTA- 857 

attempted to single out such eases and eliminate all patients with multiple 
camties if these were situated outside the field of the largest cavity. For this 
rea.son, altogether 22 eases had to be left out of eonsideratiou. The eoiTceted 
figiu^, however, show a percentile accordance with the figures of the tables 
quoted, go that this circumstance docs not affect the results. 

Next it should 1)C mentioned that in grouping the cavities, one extending 
over several of the lung fields mentioned is hero dcscriljcd as belonging to the 
lowest field it touches, that is, that a cavity dcscrihed ns infraelavioulnr may 
very well extend into the apex area, but not into the middle-zone area; on the 
other hand, an apical cnmty is situated e.xclusively in the apex. In other words, 
besides the apical cardties discu.ssed i)rcviousIy, there is an additional niunber 
touching the apex. In this material there are, besides the 64 purely apical 
cavities, 39 infmclaviculnr cavities e.xtending into the apex, and, finall.v, to these 
may be added 3 cases of largo cavities extending from the middle zone right into 
the apex. An illustration of this is given in Table VII. It appears that there 
is only a slight difference in favor of cases treated with npicolysis. Correction 
with regard to multiple cardties docs not alter the picture. 


Table Vt. Atioal Oavitizs 



■\7ITI10UT 

XnCOLTRlB 

\rmi 

APICOLYflIB 

NcniBcn 

1 IIEALTHV 

1 (t*Ei( mrr) 

KUUBm 

I JIEALTBT 

1 (per CBKT) 


- 5 

20 

29 

73 

o 

8 

60 


SO 

S 

0 

0 

0 

0 

4 

1 

0 

1 

0 


In order to sec clearly the effect of npieolj'sis in apical cases it might, 
besides, be useful to examine the cases wliicli only showed apical cavities and, 
as before, distinguish between medial and lateral cavities. This is shown in 
Table VIII, in which are stated the 64 cases of apical cavities; however, cases 
of multiple eardtics all through the area were not considered; thus, only 43 
cases of solitarj' cardties were registered. Distinction was made between medial 
carities whose medial edges ixmch as far os, or into, the processus transversus 
area, and the remaining lateral cavities. 


Table Vn. Oases op Oavities Tooenma the Apex 





Health! 1 

0 (1»%) 

29 (42%) 

HI 1 

1 

19 

Dead I 


21 

Total 


09 


No great effect seems traceable from tho use of apieolj'sls either vdth regard 
to medial or to lateral cardtics. 

Accordingly, this examination of the importance of apicolysis in proportion 
to the extension of processes and the site of cavities reveals that in the more 
severe cases of infraclavicnlar and middle-zone cavities which comprise the 
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useful to examine this circumstance in order to find out, if possible, whether in 
cases of uniform extension apicolysis has proved valuable to any particular 
group of patients. 

For that purpose analysis was made with a view to the site of the cavity, 
and to the results of groups with and without apicolysis. It appears that the 
present material contains altogether 239 undoubtedly cavernous eases. Division 
according to the site of the cavdty was made into the four groups mentioned 
earlier, namely, apical, infraclavicular, middle-zone, and basal cavities; in case 
of multiple cavities only the largest was considered. The distribution shows 54 
cases of apical cavity, 137 of infraclavicular, 46 of middle-zone, and only 2 
cases of basal cavit.v. Disregarding the 2 cases of basal cavity, the results of the 
different groups are stated in Table 


T.\ble IV. Site ok the Cavity 



1 APICAL 

1 INFRACTAVICULAR 

1 middiiK-^oxf: 


‘WITHOUT 

APICOrA'SIfl 

WITH 

APICOI.YSIS 

WITHOUT 

APICOr.YSIS 

YHTH 

APICOUYKIK 

WITHOUT 

APICOLYSIS 

WITH 

APICOLYSIS 

Healthy 

HI 

Head 

5 (.36%) 

4 

5 

18 (45%) 
14 

s 


33 (47%) 
13 

25 

15 (50%) 
6 

9 

7 (44%) 

4 

5 

Total 

14 

40 

66 1 

71 

30 

16 


54 

1 

37 

46 


Examination of these figures show's no effect of apicolysis when appl cd to 
middle-zone and infraclavicular cavities; in the gi’oup of apical cavities, how¬ 
ever, the number of healthy patients is slightly greater among apicolysis cases, 
though the difference is not significant. A combination of this division with a 
division according to the extension of processes, as shown in Tables V and VI, 
vnelds the same re.su]t for infraclavicular and middle-zone cavities; in groups 
of uniform extension and the same cavity position there is no sign that apicolysis 
is effective. On the other hand, with regard to apical cavities Group 1 shows 
a higher percentage of recov'ery for apicolysis cases, namely, i3 pei cent 
healthy as against 20 per cent in the nonapicolysis group. The figures of t e 
latter group, however, are so low that care should be taken not to diaw too 
far-reaching conclusions. Besides, some remarks must be added to the anal} sis 
stated. In the fii’st place, in cases of multiple cavdties only the large.st cavities 
were taken into consideration. This might affect the result, as there are some 
cases of cavuties scattered ov'er a large part of the lung area. Accordingly, it 


GROUP 


Tabue V. Extension and Cavity Position 


INKBACUAVICUBAR 


GG without 
APICOLYSIS 
(PER CENT 

healthy) 


G4 

as 

.3.1 

0 


71 WITH 
APICOLYSIS 

(per cent 

HEALTHY) 


G1 

38 

22 

0 


30 vmiiouT 

APICOLYSIS 

(per cent 
healthy) 


50 

62 

33 

0 


IG with 

apicolysis 

(per cent 

iiealthy)_ 
60 
45 
0 
0 
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middlc-zono or bnsal pi'ocesscs in wiiicli the apex is not affected and in wliicli, 
therefore, apicolysis has not boon used. The apicolysis cases, on the other hand, 
nsually sliow processes strotcliing ripht from the ajicx down tlirough the lung 
area. If correction is tried in tlieso cases it appears tliat there is no change in 
favor of apicolysis; however, tlie figui'cs are fairly small. Thus, the statement 
shows that only with regard to purely apical operations is there, perhaps, some 
possibility of effect through the use of apicolysis. 

Finally, it may be added that examination of the importance of dividing 
the operation into several stages shows no indication that apieolj'sis should liavc 
a favorable effect within grouiis of uniform types of operation performed partly 
in one, partly in several stages, except in the group comprising apical thoiaco- 
plasties performed in one stage. Here the pcreenlape of rccoverj’ is liiglier in 
apicolysis cases, which is in accordance with the earlier results. 

Accordingly, the total lesult of tliesc examinations .shows that the use of 
apicolysis ns a imrt of thomcoplaslic operations has proved unable to affect the 
permanent results of the total material, and rvitli regard to infraclavicular and 
lower processes, that is, uiipcr-lohe and total thoracoplasties, which include 
thrcc-fourtlis of the operations performed, a closer analj'sis shows that no 
effect of apicobTiis was traceable. In case of purely apical processes some 
favorable effect of apicolysis could not with certainty be precluded in the 
material at hand. 

SIZE OP THE AKICOL.TSIB 

After tliose roffections, wiiich largely reduce the ti.se of apicolysis, the 
(lucstiou presents itself whether the apicolyscs performed in this inatorial were 
radical enough. Accordingly the l-t8 apicolysis cases have been examined with 
the object of ascertaining the extent to which the lung was loosened. Through 
tlie apicolysis the lung, os is known, sinks to at least the level of tho fourth rib 
at the back, and tho apex is seen lying free C or 8 cm. Imlow the bundle of 
nerves and vessels. Analysw of the material shows that the loosening of the 
n|)ex was now and then impeded by extensive adhesions; occasionally reserve 
was shoivn for fear of cavity rupture. Therefore, in some cases the apicolysis 
was not completed, only a partial apicolysis being performed, and, in consc- 
UUcnce, distinction has Iwon made between these minor apicoly.sea and moro 
c-xtonsivo loosonings. Among tho former are classed apicolyscs in which the 
loosening does not extend lower than the tliird rib, whereas tho major loosonings 
all extend to the fourth or even lower libs. 

It appears that most of the apicolj'scs were satisfactorily performed, 123 
out of 148 bemg major apicol.vses (83 per cent)—of these no less than 00 per 
cent as far as about the fifth lib, or lower. The I'omaining 25 were minor or 
partial apicolj'se.s. 

It might lie conceivable that the patients subjected to minor apicolyscs 
farad worae than tho rest. However, Table X, in wluch the results of these 
groups after five j’cars are stated, shows that this is not so. 

After these statements the question might lie n.sked whether a number of 
drawbacks cling to tho use of apicolj'sis in connection with thoracoplasty, oven 
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majority of cases, apicolysis seems to have iiad no effect. However, in cases of 
slight extension and apical ca^nty it cannot lie precluded that apicolysis may 
have a certain pi-ofitahle effect. 

These questions may also he regarded under a different angle, if the prob¬ 
lem is analyzed with a view to the extent of the thoracop]a.stic operation. In 
planning this, attention was paid not only to the size and site of the caiity, 
hut the extension of the total process was estimated before decision was taken 


Tabi.k VIII. Cases of Apjcai, Cavities 



SIEWAL G.VVITY 

1 LATEliAL CAVITY 

mTIIOOT 

APICOIiVSIS 

AVITU 

APieOEYSIS 

1 WITHOUT 

1 APIUOUYfilS 

AYTTU 

APICOLYSK 

Healthy 1 

Ill ‘ I 

Dead , 


■) (50%) 

1 

4 

.1 (4;i%) 

o 

1 2 

10 (4(i%) 

8 

4 

Total 1 4 

1 10 17 1 

22 


14 2 !) 


as to how many ribs should be reseeted. Below, the matenal is dmded, ac¬ 
cording to the extent of the operation, into the three main groups earlier 
mentioned: apical thoracoplasty (up to 5 ribs), upper-lobe thoracoplasty (6 
to 8 ribs), and subtotal and total thoracoplasties (more than 8 ribs). Next, 
correction has been made for unsuccessful and incomplete thoracoplasties, as 
othenvise a number of large operations wdiich could, for several reasons, not be 
completed, would he described as umsuecessful apical tlioraeoplasties. Alto¬ 
gether these cases total 55 apical, 185 upper-lobe, and 42 total or siibtotal 
thoracoplasties, and the results of the various groups with and without apicolysis 
are stated in Table IX. 


Table IX. Size ok the Opekation 


---- -r:= 


APICAL 

TUOIIACOPLA.STY 

1 UPPER-LOBE 

1 THORACOPLASTY 

TOTAL 

[ thoracoplasty_ _ 

lYITIIOUT 

.1 PICO LYSIS 

WITH 

APICOLYSIS 

WITHOUT 

APICOLYSIS 

WITH 

APICOLA’SIS 

WITHOUT 

APICOLYSIS 

WITH 

apicolysis 

4 

5 

Healthy j 

Ill 1 

Dead 

7 (41%) 

5 

5 

20 (08%) 1 
8 1 
4 

41 (47%) 
19 

28 

41 (42%) 
22 

34 

15 (52%) 

5 

9 

Total 

17 

.88 

88 

97 

29 

13 _ 

1 55 1 1S5 1 _if--- 


Examination of these figures shows, on the whole, a repetition o e 
eumstances applying to cavity position, as after all Avas to be expecte . 
operations show a somewhat higher percentage of raeoveiy in tie apic 
group, yet tlie difference is not significant. A division into unifom 
regard to the extension of processes according to Cold shows similai con ^ 
in Groui) 1, to ivhich the majority of cases belong. On the other 
advantage seems to arise from the use of apicolysis in case of major 
(upper lobe and total thoracoplasty). In this connection it must 
bered, hoAvever, that the apicolysis group contains more severe cas^ pmited 
nonapicolysis group, the latter containing a number of cases with fan y 
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cations in the clicst -n-nll occur witli t]ie same degree of frequency in tlio tATO 
groups, tile diffci'cnce was due to tlie more serious, and intniotalile, suliscaiuilar 
fistulas oceurring only in the aiucolysia group. It i.s thus to ho feared that 
apicolysis involves a greater risk of trouhlc.somc Around infections. Here it 
must he homo in mind that the matorinl dates from the time licfore penicillin 
and streptomycin came into use in connection AAoth thoracoplasty. 

AFFECTION OF THE A'ASCUr.^AR SYSTEM 

Affection of the vascular sj’stem inr-ohing loAA cr blood pleasure and shock- 
liko conditions is of frequent oeeiirrcncc in thomcoplastie operations. Already 
during the resection of the first rib, ns aa'cII ns during the apicolysis itself, a 
loAveriug of the blood pressure is often noticeable, sometimes transient, but also 
passing into a surgical shock proi>er, dcA’cloping in connection Arith, or sub¬ 
sequent to, the operation. Unfortunately in the present hospital there haA-e 
been no examinations of this circumstance, such as determining hemoconeentra- 
tion, or the like; thus, the only means at hand to diagnose the shock have been 
the blood pressure, the pulse rate, and tbo clinical estimate. Accordingly it has 
also been impossible to ascertain Avhether this loAi-ering of the blood piessure is 
at all connected, pathogenically, AA-ith actual shock. 

In order to overcome these difficulties it A\-as decided, Avith a A-ieAv to 
ascertaining the affection of the vascular system, to e.xamino the circumstances 
of the blood pressure, as done by Semb in his material, in Avhioh the dividing 
line is dratim at a systolic blood pressure of 85 mm. Hg. It then appeared that 
a drop beloAv this lino occurred in 41 cases Avithont apicolysis, that is, 26 per 
cent. In the apicolysis cases the drop occurred 54 times, or 21 per cent. Thus, 
apicolysis has not incieased the number of such cases, the loss serious of Avhicli 
are, as a mle, controlled by placing the patient’s head in a Ioav position and 
administering ephedriue injections, AA-hercas in all shockliko conditions blood 
transfusion is the sovereign remedy. 

OTHER COtirmCATIONS 

Other important complications aic postoiieratiA'c pneumonias. As especially 
Semb has demonstrated, the development in this respect is an increase of 
bronchial secretion after the operation and, as a consequence of poor expectora¬ 
tion, the formation of atelectasis and subsequent infection and pneumonia. In 
other cases secretion may obstruct the bronchi, thereby involving danger of 
choking. A number of deaths are, no iloiibt, due to such conditions and not, as 
generally stated, to weakening of the heart. On tho Avhole, heart complications 
are rare and not verj' important in local thoracoplasties. Cases of highly in¬ 
creased bronchial secretion and threatened choking Averc obsen-ed in 6 non- 
apicolysis cases and in 9 cases treatc<l AA'ith apicolysis. In several of these cases 
bronchoscopy Avas performed and tho secretion AA'aa aspirated. Pneumonia was 
observed in G nonapicolj-sis cases and in 8 apicolysis patients. Thus, the tAvo 
groups picsent no very great variation in thc.so respects. 

Other complications, AA’hich occurred only in a limited number of cases, 
■were, for example, lesions of nerves, a-cssc1s, pleuml ruptures, euA-ity ruptures. 
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Table X. Size of the Apicolysis 



MINOR APICOLYSIS 

MAJOR APICOLYSIS 

Healthy 

15 (60%) 

56 (46%) 

HI 

4 

30 

Dead 

6 

37 

Total 

25 

123 


if the final results of the groups A\ith, and without, apicolysis show little differ¬ 
ence; or, in other words, whether the procedure in question may he the cause 
of more, or of additional and more serious, operative complications than is the 
case without the use of apicolj'sis. 

As it is here a question not of late results, but only of the unfavorable 
complications follovong inunediately upon operation, attempts have been made 
to ensure as comprehensive a material as possible by liasing the examination not 
only on the patients observed through five years, but on the total material. 
Altogether there are 420, of whom 261 were subjected to operation with 
apicolysis, and 159 to operation vdthout apicolysis. 

INFECTION IN THE WOUND CAWTV 

Examination of the material shows that 75 out of 420, that is, 18 per cent, 
had postoperative wound infection. As for degree and description of tlie 
infection, distinction was made between two groups. 

The first group contains cases of slight infection, involving inflammation 
of the skin, the subcutaneous tissue or the supeidicial muscles; as a rule there 
was a subcutaneous undennining, often vdtli fistula formation resulting in 
purulent secretion, generally of short duration ; in a number of cases, how- 
evei’, these fistulas would pei’sist for several months. In cases where the 
secretion- was subjected to a bacteriologic examination it was, as a rule, a 
matter of ordinarj’’ pyogenic bacteria, and in a veiy few cases, of tuberculous 
infection. The second group contains more serious cases involving deeper 
infections in the subscapular caAuty with fistula formations which, unlike those 
of the former group, were mostly veiy I’esistant to therapy and often kept on 
persistently in spite of excisions, lavages, or other operations. In some cases 
they involved invalidity and had existed for several yeare. Tuberculous in¬ 
fection occurred in 5 cases, while the remaining cases were due to oidinai.t 
pyogenic infection. 

Distribution with regard to apieolj’’sis is shoivn in Table XI. 

It appears that the infection percentage was somewhat higher in tie 
apicolysis group, and, more important, that wliile the slight wound comp i- 


Table XI. Wound Infection _. 

infection 

AVITUOUT APICOLALSIS 

(ICO) 

avitii apicolysis 

1261) _ 

NUMBER 1 per CENT 

number I —. 

In chest wall 
Subscapular 

Total 

25 16 

0 

25 16 

41 ^3 

50_-- 
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accorded. In 4 eases detenninations on the left side were impossible, duo in 
1 case to n previous pneumonectomy, in tlie other 3 to tuberculous adhesions. 
In 1 case a pneumonectomy had been pcrlonncd on the right, thus preventing 
determinations being made on that side. The obson'ations tvoro made by a 
single oljscrvor (J. E. H.) 

PEniOARDIAL SINUSES AND RECESSES 

The filirous covering of tlie perieordiuni is attacheii eaudad to the dia- 
plimgrn, copimlad to tlie deep een-ical fascia, and laterally extends as the ad¬ 
ventitial coverings of the great vessels. The parietal layer of serous pericardium 
lies on the under surface of the fibroas eovering, but at the points of both ar¬ 
terial and vonons attachments to the heart, it is reflected upon the heart as the 
visceral layer. 

Cephnlad, there is a dorsal eommunication betiveen the right and left sides 
of tlie pericardial carity which is bounded in front by the aorta and pulmonary 
artoiy, and behind by the superior A'ena cava, left atrium, and right pulmonarj- 
ai-ter}'. This is the "transverse sinus’’ (Pig. 1). Caudalward, another dorsal 
sinus is present on the posterior aspect of the atria on the left side. It has been 
termed the "oblique sinus of the jiericnrdiimi.’' It is a blind cid-de-sae bounded 
posteriorly by the parietal pericardium, anteriorly by the atria, cephalad by 
the pulmonary yoins, and on the right side by the inferior vena cava (Pig. 2). 

Many unnamed recesses in the pericardial sac have been described by anato¬ 
mists. Al l i s on described two of these recesses and designated them as a "left 
pulmonary recc^’’ and a "postcaval recess.’’ TJie left pulmonary recess is 
bound ceplialad'by the left pulmonary artery, eaudad by the loft superior pul¬ 
monary vein, and medially by the vestigial fold of llarshall (Pig. 3). The post¬ 
caval recess is located on the right side, and is bounded anteriorly by the snperior 
vena cava, cophalad by the right pubnonarj- artery, and eaudad by the right 
superior pulmonarj' vein (hlg. 4). Another recess to which we wonld like to 
i-efor for descriptive purjicses may bo termed the "right pulmonary recess,” 
located hotween the superior and inferior pulmonarj- veins on the right side 
(Pig. 4). 

THE POUION.VRY I’ESSEUS 

Tlio most cephalic extension of tho parietal layer of serous pericardium ivas 
found to bo upon the aorta. This occurred on tho average about 6 cm, above 
the origin of the aorta from the heail measured on its anterior surface. Prom 
this point, tho line of I'eflection on tho left side extends over the anterior and 
inferior surfaces of the left pulmonaiy artery (Pig. 2). A Utile more than 
one-half the circnmferouco of the nrtor)' is easily visible (Table I). The serous 
pericardium then descends eaudad and reflects upon the superior, anterior, and 
inferior surface of the left superior pulmonar>' vein, leaving almut two-thirds 
of this ves.sel’s circumference accessible within the sac. Continuing caudalward 
the serous layer now reflects upon the superior, inferior, and anterior .. jij . , 

of the left inferior pulmonnrj- vein. This vessel is the most pi.- 
four-fifths of the circumference bulging into the pericardii 



INTRAPERICARDIAL ANATOMY IN RELATION TO 
PNEUMONECTOMY FOR PULMONARY 
CARCINOMA 

John E. Healey, Jr., M.D., jYNd John H. Gibbon, Jr., M.D, 
Philadelphia, Pa. 

I N 1946, Allison- advocated intrapeneardial ligation of the pulmonary vessels 
in performing pneumonectomy for carcinoma of the lung, in order to permit 
a safer, and yet more radical, operation. In 44 of 102 patients subjected to 
pneumonectomy for cancer of the lung in the la.st three years at Jeffei-sou Hos¬ 
pital, the pulmonar}- arteries and veins were ligated and divided vdthin the 
pericardial sac. In some of the 44 patients the pericardium was opened because 
it was easier and simpler to ligate and divide the great vessels in this situation. 
In many cases, however, inieumouec{om3'’ would not have been po.ssible vdthout 
using the intrapei’icardial approach. In large hilar tumors it is difficult, if 
not impossible, to expose the pulmonaiy veins outside the peneardium. In 
carcinomas originating in the lower lobe, the pericardium itself may be directly 
invaded and must be removed. Not infrequently tumor tissue spreads along 
the wall of the inferior pulmonaiy vein, or grows in its lumen, completely oc¬ 
cluding it. In all such cases it is impossible to remove the growth in its en¬ 
tirety without excising that portion of the pulmonaiy vein Ijdng outside tlie 
pericai’dium. In several instances the entire pulmonary vein has been removed 
and the site of entrance of the pulmonarj’’ vein into the left atiium closed by 
suturing the wall of the auricle itself. Occasionally histologic examination of 
the removed lung has shoivn that either the puhnouaiy veins or the bronchus had 
been divided through cancer tissue. With regard to the bronchus, such im- 
fortunate occurrences can be diminished by diiddiug the bronchus as far as 
possible from the groirth, in some instances even removing a portion of the 
trachea. As regards the puhnonaiy Amins, it is obvious that routine division 
Avithin the pericardial sac, in the case of all hilar groudlis, A\dll duninish the 
likelihood of leaAung behind neoplastic tissue. . . 

Since surgical procedures Avitliin the pericardium arc of recent ongin, 
very little of the surgical anatomy of the region has been recorded in the litera 
ture. It Avas thought that dissection of the great vessels Avithin the pericardium 
in a lai’ge number of bodies might re\mal some anatomic facts of inteiest 
surgeons. 

Dissections AAmre canned out on 185 adult cadaAmi'S. Seveutj'’ of these veie 
fresh autopsy specimens. Estimates Avere made of the proportion of 
eumference of the pulmonaiy vessels Avhich lay Avithin the pericardiuni. m 
part of the circumference of the great vessels coAmred by serous pericardium Avas 
estimated in tenths of the total circumference. The point of bifurcation o 
pulmonarj^ arterj-, the presence of anomalous pulmonary veins, and the pie^^ 
ence or absence of a patent vessel in the fold of ilai-shaU Avere also obserA'e a 
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LEFT PULMONARY ARTERY 
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fiff. .1.—Tlio left pulnionao’ rccosa. 
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IPff. 4.—Rlcht elclo of the perlconllal nc roreallng the postcaval and rtaht pulmonarj' recesses. 
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Fig. 1.—Drawing Illustrating the transverse sinus and the reflections of the seroii^ peri¬ 
cardium on the right side. A probe Is Inserted Into the transverse sinus pulling the aorta anu 
pulmonarj- arterj' to the left. 



Fig. 2. —The oblique sinus and the serous reflections on the left side of pe pericardial sa 
of the heart is pulled upward and to the rlgnt. 


Apex 
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Tabix I. PnomusiON op PouroKAKr A^essixs Into the PEnTa\Br)iAL Sao 
(Loft Bido 181 Cnsos, Hlglit Sido 184 CajKw) 



NUMUBH OP CAflKfl WITH I 

VESSniJi PflDNn IN 
PKRICAnniHM 

i OinCUMPEnENCE OP 

[ VEH8KL IN PEEJCARliIUM 

MWflcr. 

I.RPT 6IPE 
(PIJl CENT) 

' ItiailT S1!>E 

1 (rim CENT) ' 

ixrr 8inE 

(I'EH CENT) 

RIOUT SIDE 
(PER CENT) 

Buptirior pulnionnn- vein 

75 

97 

67 

02 

Inferior pulnionnrj’ vein 

76 

40 

82 1 

30 

(’onimon pulmoimrv’ vein 

25 

3 

88 1 

60 

Pnlnioimr)’ artery 

100 1 

tHC 

1 

67 1 

72 * 

941 

21 t 


•III tmiijrvRruo flnuK niotllnl to superior vena cova. 
tin postciwTil reccM latcml to «ui»eiior vena cnvii. 


AT^NOUS /VNOMALIES 

Tile i-cHectiona upon the left piiImonniT,- veius ns described previousiy oc¬ 
curred in 135 of tlic ISl bodies observed. In 46 endavors (25 per cent) the left 
pulmouarj' veins merged to form n common trunk "n'liich entered tiie left atrium 
(Pig. 0), 'Wlion this single trunk was prasent on tbe left side, more than four- 
fiftlis of its cireumforenco protruded into tlic pericardial sac (Table I). On the 
right sido wo liave soon six conunon pulmonary veins (3 per cent), and about 
ono-half of the cireumforenco of each of these was visible ivitiiin the peri¬ 
cardium. 


TaBCE H. iNcmEKOE OP COUHO.V PULUOKAIIV VELSB 



TOT.IL 

DODICS 

LEPT COilllON 
PULMONARY VEIN 

RJCIHT COMMON 
PULMONARY VEIN 

AimroR 1 

(NaUBEH) 

(NUMBER) 1 

(PER CENT) 

(NUMBER) 

(PEE CENT) 

Adnchi 

91 

.. 

6^ , 

6 

0.6 

ilonley and Gibbon | 

185 

46* 1 

£5.4 1 

6f 

3.3 


•One hundred clchtj'Kiiio bcKHew studloU. 
tOne hundred olghty-four bodlen ptU'llefl. 


Von Sommerrung” stnte<l that a common pnlmonaiy vein was more fre¬ 
quently found on the left side. Goeppert*' in iiis earlier writings stated that 
the pulmonarj' veins joined to fomi a common flunk more frequently on the 
right side, hut retracted this statement in his later articles. Adachi* found 11 
common pnlmouarj' veins in 91 cadavers. Table II summarizes our findings 
and those of Adaciii. A left common pubnonarj' vein was present in about 
one-fifth of the Imdics, while a i-ight common pidmonarj' vein was present in 
leaf tlmn 5 per cent. Aside from Adnehi’s report, no other stnti.stieal stud.v 
could ho found in the literature. 


Table m. Site or Fobwation or Couuos Poliioxaby Veins 



[ IIEAIaEY and gibbon ] 

1 ADAOIII 

1 (NUMBER) 

1 (PER CENT) 

1 (NUMBER) 

1 (PER CENT) 

Intraporlcairdial 

1 4 

a 

0 

0 

At cdfie of «ic 1 

40 i 


6 

65 

-fclxfmiiericardial | 

6 1 

16 1 

0 1 

40 
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Ou the right side, beginning cephalad on the aorta, the pericardium is re¬ 
flected in an oblique manner across the superior vena cava descending caudad 
from medial to lateral (Fig. 1). It then passes to the lateral and posterior 
surfaces of the superior vena cava and comes to lie upon the right puhuonarj^ 
artery in the postcaval recess. Only a portion of the anterior surface, or about 
one-flfth the circumference of the latter ve.ssel is seen at this point. In eight 
instances the pericardial reflection upon the superior vena cava occuiTcd so low 
that access to the postcaval recess (Pig. 4) -was impossible. In these cases the 
right pulmonaiy artery was excluded fi'om this recess, hut was readily accessilde 
in tlie transverse sinus, where it runs transvei’sely posterior to the aorta and 
superior vena cava (Fig. 1). In fact, we have been impressed with the ease 
with which the right pulmonan- arteiy may he exposed in this location. Here 
three-quarteis of the circumference of the right pulmonary artery projects into 
the pericardial sac as compared with the projection of about one-fifth of the cir¬ 
cumference in the postcaval recess (Table I). 


PHRENIC nerve- 



left 

PULMONKRY 

ARTERY 

FOLD OF MARSHALL 


COMMON 
PULMONARY VEIN 


Fig. 5.—Left common pulmonarj' vein. 

The serous pericardium then descends in the recess and reflects upon tl 
superior, anterior, and inferior surfaces of the right superior pulmonaiy veirt 
of which about rtvo-thirds projects into ‘the sac. Continuing caudalwar 
right pulmonaiy rece.ss, the pericardium then coveis the inferior pn 
vein in part. In approximately one-half of the specimens this A^essel con ^ 
be seen -within the pericardial sac. When it -was tasible only about 
the circumference could be seen. The serous lajmr then descends to i 
phragm. 



nivMJiv, .in., .\Ni> oinDOX, .m.: i.vm.inKRic,\nniAr. .in.\toiiy S71 

of the left suiierior vonii oiivn. Thi.n liBiiniciit, nlong iritJi tlic liighest intercostul 
vein on the left .side, nmi the olili(|iic vein on the left nirium, jire the remnants 
of tlic ombr.voloRie left suiierior vena cava." These elianpcs come about as 
iUii.stmtcd in b''ig. 7. The right and loft anterior caixlinal veins eomnuinieate 
about the eightli ireek, and the venous blood i.s Ihereb.v shunter] to the right 
.side. This oliliquo eliaunol becomes tlie left innominate vein. Tiie remainder 
of tlio left anterior cardinal vein may then be divided as to its future develop¬ 
ment into three portions; the most ecplmlie imrtion becomes the higliest inter¬ 
costal; the medial portion, the ligament of the left superior vena cava; the 
caudal portion, the oblique vein of Jrarshall. Conditions may be such, iiow- 
cver, that the more primitive struetnres remain as a left superior vena eava. 



. F]g. 7,—-IlliwtraOon #hoirIoff tnij7*/ormQUon of Uie cardlna) \‘eina of ^unlan embryos. 

at weokai B, at olcht we«kj; C. atIulL tf.I., highest Interewrtal; O.r., oblique vein of 
the left atrium. (Repro<luc«tl from Arey'a "Developmental Annloniy." Philadelphia, 1040, W. B. 
Raundera Co., wltli permlaalon of the author an«l publiahera.) 

This vessel may he present with or without the piesenee of the right superior 
veim cava. The latter Ls rare and is termed “situs inversus of the superior vena 
cava.’’ Halpert'* has reviewed these cases and found only 23 in the literatuie 
up to 1942. Since that time 2 additional cases have been repoited.'’ AVhen 
the right superior vena cava is present, the left is usually of small size. Chouke,” 
in 1939, in redewing the literature, found a total of 205 cases of persistent left 
superior vena eava. Ho failed to mention, however, the 4 cases cited b.v Adaclii' 
in 1933, and tlie case reported by Slergoiii'” in 1938. We have found reference 
to 12'. I”, n. I’. I”. W'w. * 1 . “. >« in'tlie literature from 1939 to date, and have 
found 3 in our dissections, bringing the total ntunber to 225 cases of persistent 
left superior vena eava, Encli of the peisistcnt left superior vena cavae in our 
series were veg)- small in caliber. They were all patent throughout as demon¬ 
strated by injection of dye. All were continuous below with the coronary sinus. 
Two communicated nliovo with tlio liiglicst intereostnl vein and one eohununi- 
cated directly with the left innominate vein (Fig, 8}. 

AVe have searched for a patent vessel in the fold of JIarshall in 91 cadavers 
and have found twelve. Three of these, described prcdously, were patent 
throughout. The remaining 9 were continuous below with the oblique vein of 
ilie left atrium, hut extended cephalnd only to tho superior extension of the 
vestigial fold. These anomalies must be home in mind when preceoding to di- 
ride the fold as Allison suggests. 
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These common pulmonary veins may be formed outside of the pericardimii, 
at the edge of the pericardial sac, or Avithin the pericardium. Table III lists 
the site of junction of tlie superior and inferior veins to form a common tnmk 
in our 52 cases and in Adachi’s 11 cases. In tlic great majority of cases, the 
common pulmonary A'ein Avas foi-med at tlic edge of the pericardial sac. 

Another venous anomaly Avas encountered in 3 of the 185 dissections. In 
these bodies three separate vessels entered tlie left atrium, one fi-om each lobe 
of the right lung. Brantigan-'' desciibed 2 sueli eases Avliich he observed at 
operation. 


RIGHT INNOfllWTE HON 
SUPERIOR VENA CAl/A 

dOR.T/1 

DVCTUS AfTTERIOSUS 
RIGHT AURICLE 


LEFT imiWTE VEIN 



LEFT 

PUmONARY ARTERY 

LEFT INFERIOR 
PULMONARY VEIN 


HEART 


LITT SUPERIOR 
PULMONARY VEIN 

LEET UPPER LORE 
LEFT BRONCHUS 


LEFT LOWER LOBE 


±'ig. e.—Anomalous vessel found In our dissections. Left of drainage 

Into the left Innominate, The left Inferior pulmonary vein follows Its normal pat 
Into the left atrium. 

In one of our dissections Ave encountered an interesting anomalous connec 
tion betAAmen the pulmonary and systemic A'enons system (Fig. 6). This con 
sisted of a large A'ein di'aining the entire upper lobe of the left lung and 
ing into the left innominate vein. Tlie inferior pulmonary vein entere 
left atrium in its usual manner. Brody® in a reAUCAV of the literature fouR ^ 
cases in AA^hich there Avas a partial drainage of pulmonary A^enous hloo m o 
sj^stemic A'enons system. Eight of the 68 cases Avere similar to the one jus^ 
descinbed. Since that time one other case has been reported by Hug es a 
Rumore.^® The embryologic basis of these anomalous coinmimieatioi^f pul- 
the puhnonar}" and systemic systems and the Amriations in the num 
monaiy veins entering the left side of the heart has been adequate y 
by Biwn,' Patten,^^ and Brantigan.® 

THE FOLD OF M^ARSHjVLL 

Allison- stated that “one may further free the upper (left 
by dmding the fold of Mai-shall.” This fold is located hetAveen ^^jneiit 
artery and the left superior pulmonaiy A'ein (Fig. 2) and contains 
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It sliould be borne in mind thnt, on the loft side, tlic superior and inferior 
pulmonarj' veins join to form a common trunk rvithin the pericardial sac in 
about one-ftfth of all indiriduals. This simple and common anatomic variation 
has not been sufficiently emphasized in the past. The presence of anomolous 
connections between the pulmonarj’ and systemic veins arc relatively rare, but 
the possibilitj’ of such connections should not be forgotten. The three persistent 
left superior venae cavao encountered in our dissections were all small, though 
patent, and would not have proved troublesome to the operating surgeon. 


SUJIIIABY 

1. The intrapcricardial anatomy in 185 adult cadavers has Iiccn studied. 
The usual anatomic findings and the common variants have been tabulated and 
illustrated. 

2. It is suggested that, in performing pneumonectomy for cancer of the 
lung, mccept in tlie early cases or the peripheral growtlis, intrapcricardial liga¬ 
tion and division of the pulmonary vessels rvill proride a wider margin of 
safety liej’ond tissues grossly involved by the tumor. 
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An interesting relationslii]) exists between the vestigial fold and the bifurca¬ 
tion of the pulmonary arteiy. Of the 181 bodies observed, the bifurcation oc- 
euri-ed at the point of attaeliment of the fold to the pulmonary artery in 98. 
The artery bifurcated medial to the attachment in 56 cases, and on the lateml 
side of the fold in 14 cases. No fold could be found in 13 bodies. 



Fig. 8.—Three cases of persistent left superior vena cava observed in our dissections. 
RI, right innominate: LI, left innominate; R8VO, right superior vena cava; HI. highest Inter¬ 
costal; I2I, internal mammarj'; LSVC, left superior vena cava; PP, pericardlo-phrenic, 
08, coronarj- sinus. 

DISCUSSION 

With, regard to the sinuses and recesses of the pericardium, it should be 
home in mind that the right pulmonary artery is readil}' acce.s.sible in the trans¬ 
verse .sinus between the supeiior vena cava and the aorta. Approximately three- 
fourths of the ciitiumference of the vessel lies wthiu the pericardial sac in this 
location. Where there is a large growth in the light main bronchus or the 
right upper lobe it may be difficult to expose a sufficient length of tlie puhnonary 
arteiy latei'al to the superior vena cava to ligate and divide the vessel safely. 
In such cases the right pulmonary arteiy can be easily exposed by retractmg 
the vena cava laterally and ligating and dividing the vessel between the vena 
cava and the aorta. In a patient, operated upon by one of our associates ( • 
Allbritten, Jr.), expasure and ligation of the arteiy in this location proved to 
be a lifesartug measure. Exposure was difficult because of a large tumor 
and hemorrhage occurred from the stump of the pulmonaiy artery, which a 
been ligated and dmded lateral to the superior vena cava. The hemorrhage vas 
controlled by digital pi-essure. The proximal portion of the vessel was t len 
easily exposed by retracting the vena cava laterally, and the arteiy was sa e } 
ligated in this position. 

The extent to which the pulmonary veins are covered by the serous laym 
of the parietal pericardium (Table I) is of minor surgical significance, as^^i^^ 
order to pass a ligature around any of the pulmonaiy veins -within t e 
cardium, the pericardial sac must be peneti-ated both above and below t le i 
being ligated. 



MUCOCELIjULAR RAPILRARV ADENOC/VltCINOMA OF THE RUNE 

IjOUECTOilV, Pl\-E-YEAE PoLLOW-Ul- 
KRRJUT I'j. OSSEKIIAN, JIJX, AND Uarold Xkuiiop, JT.D. 

New York, N. Y. 

I N AUGUST, 1!)4G, we i-cporte<l n cnse of ‘'Mucoepllnlar Pn])iHnr 3 ' Adeno- 
CHi'einoiiiu of llie Uimg,”' treated by lobtvtoiiiy. The pui-])ose of tlie report 
was Iwofold; tirst, to set forth the diatiiictive iiiieroseopie features of tlie 
lesion, and second, the inultitoculur character and prononnced cireuinscrii)- 
lion of the tumor, oecupjing most of the lower lobe. 



Plff. 1.-—Nov'. 21, 1949. fllnj five years after opemtion. Elevjvtetl dlftphracni phrenic 

ncr\'c ee>*cranco nt opcmtlon. 

To sumnmrize the case, the patient was 44 yeai-s old, female, first seen by 
\ts in. 1944. There was a history of cough starting in 1941, which became pro¬ 
ductive in 1943. Physical examination showed that the lungs were deal' e.x- 
cept beneath the left scapula where an area of dullness was detected nt the 
level of the fifth thoracic vertebra. There was clubbing of the fingers. Roent¬ 
genogram of the chest showed a homogeneous density in the left louver lobe, 
circumscribed and lobulated. An exploratory' thoracotomy was perfonned in 
November, 1944, At operation, the left lower lobe was found to be greatly 
e.xpanded by a cireuniscribed lobulated tumor. There was no cancerous in¬ 
volvement of the pleura or any of the hilar lymph nodes. A dissection lobec¬ 
tomy of the loft lower lobe was ])erforined. The pathology I'epoi't was mneo- 
cellulnr papillary adenocarcinoma of the lung, histologienlly’ of the type of 
the multicentrie papillary adenocarcinoma. The report of this case was made 
two years after operation, nt which time the patient was symptom free. 

In a paper entitled, “Alveolar Cell Carcinoma of the Lnng (Pulmonary 
Adenom atosis, Jagziekte),” Delame and Graham’ stated in reference to our 

Received for publication I>cc. 10, 1948- 
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TIIOKACOPLASTV AND STREPTOAIVC’IN IN THE TKEATilENT 
ON TUBERCULOUS EArPYEMA 
JIajob JIauricr R. Connolly, and Colonel Jaiies If. Foiisbe 
JIedic.il Corph, United States Arhy- 

T he treatment of tulierculons cmpyciiin has long Iieen chnrnctcrizcil by 
poor results. Since strcptoinyein liccamo nYflilable in nRcqnnfe quantities 
at Pitzsimons General Hospital late in ]94G, a distinct evolution in the surgical 
management of pulmonaiy tuberculosis at this ho.spital has developed. The 
time interval from the onset of the disease to the application of thoracoplasty 
has been appreciably shortened. Many patients with cavernous easeoimeu- 
monic disease have responded to streptomycin them])}’ with a marked resolu¬ 
tion of the exudative element making thoracoplasty feasible at a relatively 
early period in the disease process.' A definite imiirovemcnt has also been 
refleeted in the results obtained in the treatment of tuberculous empyema. 

This report pertains to a consecutive group of 22 patients having tubercu¬ 
lous empyema treated by e.xtmplcural thoracoplasty and streptomycin dui’ing 
the period Deo. 1, 1940, to Aug. I, 1948. In all instances the pleural fluid was 
imrulent and on culture was positive for acid-fast bacilli in 20 of the 22 pa¬ 
tients. The following clnssifiention of tuberculous empyema is used in this 
hospital and is ns follows; 

1. Tuberculous empyciuR with no evident parenchymal dis¬ 
ease. 

2. Mixed (that is, pyogenic plus acid-fast bacilli) tubei-cu- 
lous empyema with no evident parenchymal disease. 

0. Tuberculous cmiiycmn with parenchymal disease. 

4. JHxed tuberculous empyema with parenchymal disease. 

In our seiies, 7 of the jiatients are in Group 3 and 16 in Group 4. No 
patients w'cre in Group 1 or 2. All iintients in Group 4 were seriously ill. As 
e.xperience increased in the use of streptomycin the time interval between the 
onset of the empyema and the application of thoracoplasty in conjunction 
with streptomycin was gradually decreased. Ten of the surviving patients in 
Group 4 have had arrest of their parenchymal disease and obliteration of the 
empyema space. An illustrated case report among Group 4 patients includes 
the following: 

Cask 1.'—SJ-yenr-oId male soldier gave n history of pneumoain in 1942, from which 
hn recovered ivithont complications. There rvcrc no other serious illnesses and no history 
of eontset with tuberculosis until 1947. tVhile stationed in Germany in .Tanuary, 194S, he 
Ircgan to complsin of undue fatigue, productive cough, blood-tinged sputum, and chest psin. 
He was immediately hospitalized. On the day foUowing admission ho had a sudden onset 
of severe dyspnea, hemoptyaes, chills and fever, and marked prostration. Roentgenograms 
confirmed the presence of a spontaneoas pneumothorax with approximately 60 per cent collapse 
of the lung with large cavitation in the left upper Jolre. Pally thomceutesis with the rc- 
"mval of air and fluid was accomplished with morlerate reUof of symptoms. Closed tube 

From the Surrtcat Service, Fltxsimons Oonerai Hoepltal United States Annj-, Denver. 
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case, “The result seems to indicate that a two-year period o£ freedom from 
manifestation of symptoms after lobectomy gives no assurance of complete 
eradication of the disease.” It is, therefore, of interest to report a follow-iip 
on our patient, five years after operation in November, 1944. The patient has 
been seen at intervals during these five yeai*s. In November, 1949, the patient, 
49 years of age, was symptom free. Physical examination showed weight to 
have remained stationary (128 pounds). Hemoglobin was 14.6 Gm. No club¬ 
bing of fingers. No adenopath3^ No excursion of the left leaf of the dia¬ 
phragm, as evidenced by percussion and fiuoroscopy (phrenic nerve severance 
at operation). The lungs were clear and resonant. Roentgenogram of the 
chest taken Nov. 21, 1949, was negative (Fig. 1). The branches of tlie pul¬ 
monary artery were seen to be spread somewhat to follow the expanded up¬ 
per lobe. 
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There have been four deaths amoiifr the 15 jjatients of the Group 4 clnssifi- 
cation and no deaths among the Grouj) 3 patients. The over-all fatality rate 
for the 22 patients with tuberculous empyema and iiarenchynial disease was 
IS per cent. This compares most favorably with the data reported from this 
hospital by Leaver and Hardaway in 1937, as they reported a mortality rate 
of 70.9 per cent in 24 patients sutfering from mixed tuberculous empyema and 
22.9 per cent in 35 patients having a tuberculous empyema." The deaths in 
our series presented conditions which to date we have been unable success¬ 
fully to overcome. One imtient, a 21-year-old soldier, developed a postpneu- 
inonie empyema while a ])risoncr of war in German.v. Several operative pro¬ 
cedures including an c.\tensive decortication and unroofing of the empyema 
cavity were accomiilished. The diagnosis of tuberculosis was made by the ex¬ 
amination of the surgical sjiecimen of diseased pleura. Streptomycin was 
first given two years after the on.set of the illness. He died three years after 
his first operation performed while a ])risoncr of war in 1944. Post-mortem 
examination revealed widespread tuberculous involvement of the viscera. A 
second death occurred in a patient who was a severe drug addict and had 
been chronically ill for twelve years with pulmonary tuberculosis. He died 
on the fourth postoperative day following a first-stage thoracoplasty. The 
third patient died approximately one year after obliteration of the empyema 
cavity by thoracoplasty, from progressive contralateral tuberculous disease 
with giant cavitation. Post-mortem examination revealed that the empyema 
space had been obliterated. The fourth death occuiTcd in a 51-year-old man 
who had had pulmonary tuberculosis treated by artificial pneumothorax for 22 
years. He had a first-stage thoracoplasty performed six months after the on¬ 
set of a mixed infection omjjyemn and died from a coronary thi'ombosis on the 
eleventh postoperative day. 

Ten patients with mixed tuberculous cmi)yema and pareneh.vmal disease 
have arrested their disease and have had no reactivation during an average 
period of 24.5 months follo^^•ing thoraeoidasty with streptomycin therapy. 
The shortest follow-up period was 14 months, the longest 32 months. One 
patient had active tuberculous disease in the contralateral lung IS months fol¬ 
lowing thoracoplasty. The empyema space had been obliterated. 

Seven patients were in Group 3, that is, ])ure tuberculous empyema with 
parenchymal disease. Six patients have had arrest of their parenchymal dis¬ 
ease and no evidence of empyema since operation. The average length of the 
follow-up period has been 18.4 months. The .shoitest period was 13 months, 
the longest 29 months. The following case rcjmrt of this group which has not 
had arrest of the disease process is recorded. 

Cask 2.— A S^-year-old wJiitc male soldier contracted malaria, in 1942, on Bataan and 
was serious!}' ill. He n-as later captured by the Japanese and ivliile a prisoner of war in tlie 
-Philippine Islands lie developed beriberi and lost approximately 40 per cent of liis normal 
weight during imprisonment. He was liberated on Aug. 20, 1945. In March, 1947, he was 
hospitalized complaining of .symptoms of na.sal sinusitis, sensation of fullness in the right 
car, a moderate cough productive of one teaspoonfnl of whitish sputum, ^Yeight loss, and gen¬ 
eralized fatigue. Boentgenograms of the chest revealed a massive pleural clTusion in the left 
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intercostal drainage was established in January, 1948, and discontinued wliile enroute to the 
United States in February, 1948. On Feb. 27, 1948, he was admitted to Fitzsiinons. Koeiit- 
geiiograms of the chest revealed a fluid level in the left pleural space, large cavitation on 
the left, considerable collapse of tlie left lung, and slight sliift of tlie mediastinum to the 
right (Fig. 1). Tlioracentesis was carried out every other day with tlie removal of 500 to 
1,000 c.c. of thick greenish .fluid having a specific gravity of 1.021 which was positive on cul¬ 
ture for acid-fast bacilli. One-half gram of streptomycin was placed in the pleural space 
each time fluid was removed. The patient improved sym])tomatically with a sustained de¬ 
crease in fever, better appetite, and a lessening in the accumulation of fluid. Penicillin ther¬ 
apy, 300,000 units in oil dail}’, was started two days judor to and continued for six days after 



Fig. 1. Fie- 2. 

Fig. 1 (Ca.se 1).—Spontaneous pneuniotliorax, cavitation, and mi.\ed infection, tubeicu 

empyema, left. 

Fig. 2 (Case 1).—Posttlioracoplasty. No cavity. No empyema. 


each 


stage. A first-stage posterolateral thoracoplasty was performed April 27, 1948. 
days later an anterior-stage thoracoplasty was performed. Further staged postero a 
thoracoplasties were accomplished until a ten-rib thoracoplasty had been completed ^ 

1948, with removal of all of the first five ribs and long segments of the sixth to ten > 
inclusive. The pleural space was kept dry by frequent thoracentesis between 
Streptomycin intramuscularly, 1 Gm. daily,'had been started March 29, and was 
for eighty-seven days. The exudative element of the pulmonary disease showed consn 
resolution and by May, 1948, there was no evidence of pleural fluid. Eighteen mon^^ 
the completion of thoracoplasty the patient was asymptomatic, afebrile, and bacilli- 

or sputum production. Numerous ga.stric washings have been negative for acu - as^ 

X-ray examination of the cheat revealed no evidence of parenchymal cavi a to 

space was obliterated; and the patient was considered in the arrested phase m re 
tuberculosis (Fig. 2). 







co.vNoi.nv AND i'Oit.sr:i:: thoracopi-astv axd strki'tojivcin 8S1 

pnoHiiiotliorax, 1 in aKsociation with a tuhercnlons pneumonia, and 2 were 
ol frivadunl onset witliout any dcinonstrahle (•xciting eanse. Biglit of the series 
were assoeiated witli tlierapeutie efforts, 7 patients were under treatment by 
artificial pneumothorax therapy, and 1 followed extrapleural thoracoplasty 
for parenchymal disease before the availabilitj' of streptomycin. During the 
period of this report 173 patients received 509 stages of extrapleural thoraco¬ 
plasty, C3 patients received elo.sed intrapleural pneumolysis, and 25 patients 
had lobectomy, ])arlial oi’ complete, or pneumonectomy performed at Fitz- 
simons in the treatment of pnlmonary 1nbereulosi.s. 

Therapy in relation to the type of onset and the pre.senting pathology of 
the empyema is significant. Patients with a sudden onset, a spontaneous 
pneumothorax, bronelio|)leural fistula, and rai>id reaccumulation of fluid or 
extreme se])sis may require open or cIo.scd drainage as a lifesaving measure. 
Seven of our patients belonged in this group. They were all in Group 4 and 
were critically ill. In 8, the onset of the empyema was sudden but did not 
require open or closed drainage. The accumulation of empyema fluid in these 
patients was kept under control with frequent aspirations so that thoraco¬ 
plasty could be completed without recourse to drainage. It was in this group 
that streptomyein and early thoracoplasty mnrkedl,v lessened the morbidity. 
Seven had a mixed infection empyema and 1 had a pure tuberculous empyema. 
The patients who had a gradual onset of the empyema did not receive drain¬ 
age before thoracoplasty. 

AVe have had only limited experience with decortication for the treatment 
of tuberculous empyema. The encouraging results reported by AVcinberg and 
Davis’ offer fiudher hope for improving the results in the treatment of this 
condition. 

SUMMAUV 

Tuberculous empyema is still a dreaded complication of pulmonary tuber¬ 
culosis. The employment of streptomycin in conjnnetion with extrapleural 
thoracoplasty has appi'ccialily decreased the mortality rate in tuberculous 
empyema. Tlie genei-al trend in the earlier application of extrapleural thora¬ 
coplasty and the .ludieious use of cxcisional surgery along with streptomyein 
in the management of pnlmonary tuberculosis constitutes, we belier’e, major 
advances in the therapy of tliis disease. Tlie re.suUs in the treatment of 22 
consecutive patients with tuberculous empyema with thoracoplasty and 
streptomycin is very encouraging. The mortality rate was'18 per cent. Seven¬ 
teen are alive and Iheir disease arrested. One patient still has active paren¬ 
chymal disease. Tlie postoperative follow-up period in the entire group varies 
from 13 to 32 months. 

REFERENCES 

1. Forsec, James ir.: Extrapleural Thoracojrlasty Early in C.aseo-pneumonie Tuberculosis, 
Kocky Jitountiviii INt. .T., .Tvinc, 1049. 

Leaver, P. Y., and Hardawav, R. Jf.: Empverna Complicating Artificial Pneumothorax, 
Am. Rev. Tulierc. 35: 53S, 1037. 

3. IVeinberg, Josepli, and Pavis, J. Pwight: Pleural Decortication in Pulmonary Tubercu¬ 
losis, Am. Rev. Tuberc. 60; 2SS, 1049. 



880 


THE .TOURNAE OP THORACIC SURGERY 


Iicinitliorax and a large 3 by S cm. cavity in the left upper lung field (Fig. 3). lie was trans¬ 
ferred to Fitzsimoiis General Ho.spital April 10, 1947. Sputa were positive on culture for 
acid-fast bacilli. Thoracenteses twice weekh' resulted in gradual diminution in tlie amount 
of pleural fluid. He received streptomycin 2 Gm. daily from Juno 14, to Aug. 6, 1947, when 
it was discontinued due to marked dizziness. He was restarted in tlie dosage of 1 Gm. per 
day on August 14, and continued until Nov. 3, 1947. By tlie end of the first course of strepto¬ 
mycin the patient’s symptoms had markedly decreased (Fig. 4). Because of the persi.stcnt 
empyema and cavitation, thoracoplasty was irerformed with removal of seven rilr.s in three 
stages at intervals of 21 days. The last stage was performed on April 8, 1948. Penicillin 
was given as in the first case. A total of 294 Gm. of .streptomycin was given. A rollow-uji 
report, eighteen months postoperatively from a Veterans Hospital indicated that sputum was 
positive but no empyema space was demonstrable. Lobectomy of the left upper lobe may 
bo advisable. 



Pig. 3. 

Pig. 3 (Case 2).—Giant parenchymal cavity, emp.venia. left. i„cinnq and of 

Pig. 4 (Case 2).—Prethoracoplastv. Considerable clearing of parenchyma 
empyema. 


The changing concepts of therapy anti improvements in the 
ment of pnlmonary ttibercnlosis are, 'vve believe, partially reflected ni ana . 
ing the precipitating causes of tnberculons empyema noted in this 
patients. The earlier abandonment of an nnsnccessful pneiimothoiax^^ 
earlier application of thoracoplasty in streptomycin treated patients, am 
wider acceptance of exeisional snrgery in this disease are encouraging. 
series of 22 patients, 14 developed a tnbercnlons empyema as a dnec 
companiment of their disease unrelated to any therapeutic effoi s. 
group, 3 developed from, a massive pleural effrision, 8 following a spoi 
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Ou Soph 7, 1918, tlio patient wan jlolivoml spontaneously without nnosthosin, o£ a live, 
male chiM, G pounds, 12 ouiioos. Tlie total dursitiou of labor was fourteen liours, 

tliirty minutes, the plaeenfu and ineiubnines wore expelled eoinplelcly and spontaneously. The 
condition of mother and eliild after delivery was excellent. The puorperium was normal and 
uneventful. 

Olio year, apjiroxiinntely, following delivery, mother and child reported for examination. 
KoentKenoKrams taken of the mother’.s chest showed no deterioration of the lung lesion. Tlie 
iutradermal tuberculin sensitivity tost (1:1,000) in the child was neg^ative. 

Cask 2.—Mrs. .T. S., aged 28 years. This patient, approximately five mouths pregnant, 
was admitted to Itohroyston Itospital, Glasgow, on July 7, lO'lS. Several weeks prior to ad¬ 
mission sho complained of slight pain, loculiicd to the left posterior chest wall. Morning 
cough accompanied by scanty sputum, mucoid in character, was also present. 

In 3947, she received sanatorium treatment for an active, loft-sided lung lesion, namely, 
!»‘d rest supplemented by a left aide phrenic nerve interruption. Attempts at artificial pneu- 
nvothorax on this same side hud been tried without success. 

On the patient’s admission to liobroy.stoii Hospital the lung lesion, clinically and radi- 
ologically, was found to bo fairly fibrotic, but a cavity was presont over the left apex and she 
hud a positive sputum. Sedimontatron rule was IS mm. .at the end of one hour (Westergren). 
Clinical examinutiou of other vital organs failed to reveal any abnormalities. Pelvic exam¬ 
inations confirmed the pregnancy Imt did not disclose any obvious cause for an abortion in 
194G. 

The first stage of a left-.sided, seven-rib thoracoplasty was performed on July 32, 1948, 
llio second being completed fourteen days later. No coinj)lications were encountered during 
both operative procedures, and recovery was uneventful. 

On Nov. 10, 1948, tliis patient bad u spontaneous delivery at full term of a live, male 
child, after a labor wliieh lasted tea hours, thirty minutes. Tlie placenta and membranes 
were expelled completely, spontaneously, ten minutes later. Tiic birtli weight of the cliild ^vns 
G pounds, 3 ounces. 

Examination of the mother and child ten months after the confinement was satisfactory, 
Hoentgeuograms of tlic mother's chest showed no progres.sion of the disease, sedimentation 
rato was 4 mni. (^Vestergren), and sputum remained negative for the tubercle bacillus. The 
intradermal tuberculin sensitivity test (1:1,000) in the child was negative. 

Case 3.—Mrs. S. lilcC., aged 28 years. This patient, five months pregnant, and com¬ 
plaining of a slight unproductive cough, was admitted to Hobroyston Hospital, Glasgow, on 
Feb, 13, 1949. The lung lesion, confined to the right upper zone, was fairly fibrotic in type 
with cavity formation, and sputum was positive for the tubercle bacilli. Sedimentation rate 
was 14 mm. at the end of one hour (Westergren). 

In 3943, sho received routine sanatorium treatment for fen months, including riglit- 
sided artificial pneumothorax and phrenic nerve interruption to this same side. Duing the 
■ years 3943 to 1949, following discharge, she was remarkably well. On admission to Eob- 
royston Hospital, Glasgow, sho was in good general state. Clinical investigation did not re¬ 
veal any abnormality of the other vital organs. Pelvic examination confirmed the pres¬ 
ence of a five months’ pregnancy and a contracted pelvis, the presumed cause of a protracted 
labor with death of the child in 1948. Because of a very great desire on lier part to have a 
live child, and the fact that the lung lesion wa.s dominantly productive in type, unilateral in 
distribution, general condition being reasonably good, a right-sided thoracoplasty was ad¬ 
vised. The first stage was performed on Pcb. 14, 1949, the second on Feb. 28, 1949. No 
complications were met. On May 25, 1949, following artificial rupture of the membrane, pa¬ 
tient was delivered, spontaneously, after preliminary epislotomy, of a live female child, 
weighing G pounds, 8 ounces. Duration of labor wa.s three liours, fifty-five minutes. Pla¬ 
centa and membranes were expelled completely, spontaneously, in fen minute.^. TJio puer- 
perium was normal and uneventful. 



OBSERVATIONS ON THORACOPLASTY DURING PREGNANCY 

J. P. McIntyre, ]M.D. 

Glasgow, Scotland 

INTRODUCTION 

T he revolutionary iinprovemeiits in medicine in i-eeent years are reflected 
in the present-day change of outlook on the reciprocal relationship of 
liregnancy and tuberculosis. Not only has this study gained fresh impetus 
thereb}', Init modern concepts of its cognate ])roblems have emerged. By and 
large, the proprieties of the combined conditions are now generally accepted, 
the pregnancy assuming a secondary role to that of the associated lung lesion. 
As a result the value of collapse therapj’-, both prophylaeticallj^ for the child, 
and curatively for the mother, has become considerable. Nevertheless, pub¬ 
lications relating to thoraeojilasty during pregnane}’’ are singularly few. As 
yet. only four isolated instances have been re])orted in international literature 
(quoting Seeley and associates, 1940). To date, McIntyre (1948) has made 
the sole contribution to British literature. Accordingly the following ex¬ 
amples of thoi'acoplast}' during pregnancy were considered woi’thy of putting 
on record in vieAv of their exceptional interest, and the fact that they might 
contribute to the status of collapse therapy in the pregnant tuberculous pa¬ 
tient, as yet, not definitel.v defined. 


ILLUSTRATn-E CASE.S 


Case 1.—Mrs. M. O’D., aged 38 years. Tlii.s patient, four and one-half months preg¬ 
nant, was admitted to Eobroy.ston Hospital, Glasgow, on April 20, 1948, complaining of a 
productive cough of several weeks' duration. 


In 1947, she received sanatorium treatment for a left-sided, active lung lesion. At¬ 
tempts to establish a left artificial jjneumothorax were unsuccessful and consequent!}' a left¬ 
sided phrenic nerve interruption was performed. At her own request, she was dismissed 
from the sanatorium prematurely, after six months’ institutional treatment. Her health, for 
several months following this discharge, was indifferent, cough, tiredness, and night sweats 
being present. 


On admission to Eobroyston Hospital her general condition was found to be fairlj gooc ■ 
The lung lesion, clinically, was dominantly left sided in distribution, and fibrocaseous in type. 
This was confirmed by the radiologist who reported no definite disease seen in the rig it ung^- 
There was marked pleural thickening on the left side. The mediastinum was dran-n to le 
left. Bacteriologic examination of the sputum revealed the presence of many tuberc e aci 
The sedimentation rate was 20 mm. at the end of one hour (Westergren). But for 
displacement of the heart to the left, clinical examination of other vital organs revea e 
gross abnormality. Following induction by sodium pentothal (0.5 Gm.) 
under general anesthesia maintained by nitrous oxide oxygen and Trilene, adminis ere^ ^ 
tracheally, a two-staged thoracoplasty was performed. The first stage " f° jg-g 
23, 1948, the second, Hay 10, 1948. Seven ribs in all were removed, tl,e 

due bleeding was noticed during these operations, both of which were well to era 
patient. 


From the Eobroyston Hospital. 
Received for publication Jan. 13, 1950. 
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this ]>i*ol)lein. 01! necessity, coimnoiits are confined to points of piNiclical in¬ 
terest essential to decisions on the snifahility of pregnant phthisical patients 
for thoracoplasty. 

In the first instance valid recommendations for this form of treatment 
cannot he made without careful consideration of the broad fundamental iirin- 
ciples involved. Such are the individual variations of pregnancy and fuliercu- 
losis, for examiile, that attempts to formulate iufallilile guides to treatment 
are futile. In effect, an individtnili.stie attitude must lie adopted, with factors 
Iihysical, psycliic, economic, and sociologic in nature being most metieulou.sly 
evaluated. Furtlicrmore, in all cvcntualitic.s, and Iiccause of the issues at 
stake, the patient, the husliand, and if necessary, the relatives must lie told 
frankly and unequivocally of tlie magnitude of the risks run. Moreover, the 
im])ortant part played by e.xperienccd nursing personnel, and the availability 
of suitable equipment for the efTective application of this highly specialized 
form of treatment are not to lie ignored. In addition, and because of the con¬ 
tingencies consequent on tlic combined conditions, it is desirable that tlie 

medical and oli.stctrio supervision of these patients .should be the dual re¬ 
sponsibility of the consultant iii tubcrculo.sis and obstetrics, re.spcetivoly. 

Finally, it sliould not iie neee.ssary to stress the iniiiortance of a eom]ire- 

hensive after-care soliemc in which help, financially or in kind, is envisaged. 

Ill this present study, estimation of the patient’s suitability for this o)i- 
cratioii, from tlie clinical a.speci, was based on (1) tlie age of the patient, (2) 
eardiocireulatory function, (3) iioriod of gestation, with the optimal time for 
the operation, in the writer’s opinion, being the intermenstrual period, (4) 
the dominantly fibrotic cliaraeter and extent of the associated lung lesion, 
(5) the failure of previous collapse therapeutic measures to acliieve cavity 
closure, and finally, (0) the mental make-up of tlie jintient. 

Cognizant of the obvious dangers, inuiicdiatc and remote, a.s.sociated with 
the perfoi'inance of this major (qieration during pregnancy, and also the fact 
tliat obstetric problems may supervene at any lime to complicate tlie issue, 
the question as to whether thoi'acojilasty in the pregnant patient is worth 
while presents itself. It is sulmiittcd that in view of the grave potentialities 
of cavernous lung disease with positive sputum to the community, in general, 
the jiatient and offspring, in particular, thoracoplasty during pregnancy, a 
principle of prevention, no less than cure, might well be further exploited. 

SUJIAIAKY 

Three instances arc recorded in which partial thoracoplasty was performed 
during pregnancy. All made uneventful recoveries with siiutum conversion. 
Piirtliermore, pregnanc.v, parturition, and the puerperium progre.ssed with 
no apparent difficulty. Despite the reduction in total lung volume, dyspnea 
was never troublesome. Mother and child were examined at intervals, varying 
from tliree months to one year, after delivei-j-. In each instance, both were 
alive and well. 
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A follow-up study, approximately three months after delivery, gave gratifying results. 
Mother and child were both alive and well. No deterioration in the mother’s lung le.sion was 
reported by the radiologist. The child weighed 12 pound.s, 2 ounces and was obviously thriv¬ 
ing. The Mantoux test was negative (1:1,000). 

DISCUSSION 

The cause and effect relationship of pregnancy and tuberculosis has been 
a perennial topic for discussion, opinions on the subject varying lietween 
wide extremes. Thus, while many maintain that pregnancy influences the 
course of pulmonary tuberculosis advei-sely, others believe the converse. In a 
large series of pregnant and nonpregnant patients, Ornstein and Kovnat 
(19-35) recorded a death rate of 35 per cent among the formei', 33 per cent 
among the latter, the difference in the comparative mortality figures being 
negligible. This ivas confirmed by Hill (1928), Barnes and Barnes (1930), 
Marshall (1931), and For.ssner (1924). By and large, the character of the 
associated lung lesion rather than the pregnancy is now considered the more 
important factor in ]n'ognosis. iloreover, much medical evidence can be ad¬ 
duced to show that with the institution of apjiropriate and adequate musing 
and medical attention, under ideal environmental eondition.s, early in the ante¬ 
natal period, pregnant patients with active phthisis need not now fare worse 
than their nonpregnant sisters. From the re.sults of investigations on twenty- 
.six pregnant patients, treated bj^ artificial pneumothora.x. Cutler (1944) con¬ 
cluded that the risks run by the pregnant patient, who is also tuberculous, 
are commensurate with the qualit.v of the lung collapse obtained from such 
treatment. Conceding this point, the next logical step in rational therapeutics 
must surelj’ be the a])plieation of other avilable measures designed to stabilize 
the diseased process in the lung. In theory, at least, and provided the patient 
is in good general state, thoracoplasty should lie considered for those preg¬ 
nant patients in whom simpler measures of collapse therapy have previous!) 
been tried but have met with no succe.ss. Ironically enough, reports on this 
aspect of the management of the pregnant tuberculous patient are very fev. 
Accordingly, to date, it would seem that the compatibility of thoracoplastj 
during pregnancy is not generally recognized. 

In this pre.sent study, not only the practicability, but also the immense 
proph3dactie potentialities of this principle are illustrated. Figures presente , 
however, are of no importance statistically. On the basis of this im e.stigation, 
therefore, recommendations for thoracoplasty during pregnancy can onl) ic 
tentative. 

Albeit, the fact that international and national literature, alike, haie io 
nored or lightly dismissed this aspect of the problem as impracticable, 
recorded are not to be deprecated. Furthermore, by accepting the au 
conclusions that where desirable thoracoplasty during pregnancy may a so 
technically feasible, a fresh field of speculation on this vexed question o pi ^ 
nancy and tuberculosis is presented. Unfortunately it is not within t le 
of this short monograph to discuss in detail the many variables comp ma 



AN APPARATUS l-^OR ANESTIIBSIA IN HXPBRIJIBNTAL 
THORACIC SUR(!EI5Y 

C. Romjns Haklon, II.D., Thomas N. P. Johns, JI.!)., and Vivikn Thomas 

Baltimore, Mo. 

T he apparatus here dosrrihotl lui.s for some years provitled satisfactory anes¬ 
thesia for thoracic surgery in the Surgical Huuteriau Laboratory of the 
Johns Hopkins Medical School. Nninerou.s rctpiests for details of its construc¬ 
tion have occasioned this deseri|)tion. 


Tlie {ippurutu;^ consists ossentinll.v of n iHotor-ilriven valve whicli iiorloilically interrupts 
a strcarn of air or oxygen iiassing over :m etiior reservoir into nn endotraelieal tube. This 
provides alternate inflation and deflation of tJjc lungs. An over-all view of tlic aparatus is 
s*cen in Fig. 1. 

By n\ean5 of u rheostat* the inotovt may be regulated so that the interrupter valve turns 
at any rate up to -43 times a minute. A rate of 20 revoUitions per minute is usually pT 0 })er, 
although higher speeds may bo necessary for anitnnhs weighing 20 kilograms or more. Com¬ 
pressed air or o-vygen oatcr.s the valve at 6 (Fig. 1) and emerges through 7 to inflate the 
lungs. A.s the valve rotates to allow deflation of the lungs through an exhaust opening, it 
momentarily blocks tlie air intake at €, leading to increased pressure in the system proximal 
to this point. Compensation for this increased pressure is provided by the e.xpansion of 
approximately eight feet of mcdium-wnllcd rubber tubing as well as by compre.ssion of the 
vapor over the ether: if the flow of air is excessive or the tubing nonexpansilo, one of the 
connections may separate. A needle valve at the air source provides control of puhnonvwy 
expansion after the thorax has been entered. A safety valve may be interpolated in the air 
line to prevent overdistention of the lungs, but wUh ordinary care in adjusting the flow of air 
this precaution is unnecessary. A diagram of the apparatus is seen in Fig. 2. The detailed 
sketch of the interrupter valve in Fig. •'I should Iw self-explanatory to a competent machinist. 

Tlie ether re.^ervoir i.s a Wolfe bottle of one liter capacity. It operates best wlien about 
two'tliirds full. The glass T tubes extend just through the rubber stoiipors which arc taped 
finnly in place. Ether is added through the central opening. 

The concentration of ether in the ane.stlictic mixture may be varied by appUeatiou of 
clamps to the tubing surrounding the ether icservoir, as follows (see Figs. 1 and 2): 


Clamp at 10 
No clamps 
Clamp at 8 (Fig. 1) 
Clamps at 8 and 0 


Negligible anesthetic effect 
Usual maintenance level 
Fairly heavy ether vapor 
2(axinial anesthetic effect 


With clamps at ID and 11 there would bo no delivery of ether vapor, but a clamp at 
11 is inadvisable since it obviates the cushioning effect of the compressible air over the ether. 
Elimination of such an expansion chamber in the sj^stem may lead to re.spiratoiy difficulty 
or to separation of connections proximal to the clamps. 

From tlie De-artrnent of Surgery of the Johns Hopkin.s Unlver.'^lty and the Johns Hop¬ 
kins Hospital. 

Received for publication May 16. 1949. 

‘All metal power rheostat, tyi e PR-50 (.'JO watts. 500 ohms). Made bv International 
ucslstance Company, Philadelphia, Pa. 

•p,- . speed-reducer motor, type NSE (11 R. 115 volts, a.C. or H.C.). ^lade by Bodinc 
tloctnc Company, Chicago, III. 
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3.—W'orkins: drawing: of tlu> interrupter valve. AH parts are brass except for the central 
cylinder which i.s steel. 



















Pig. 1.—Photograph of apparatus showing motor ( O, -vv^pn^is Mown 

valve (3) connected to motor by means of a flexible coupling (•!). All oi oxjgen p-f-r 
over ether in the Wolfe bottle (5) to enter the valve at (6) and emerge froni (O to enie 
the tubing leading to the endotracheal catheter. Delivery of ether '’ttpoi mav be teg 
by clamps (8), (.'»). and ( 10 ). During expiration the gases are exhaled thiough the ex 
opening in the valve, mai-ked by the arrow. 










STREPTOJIYCTN PLUS ALKALINIZATION OK THE PIAiURAL CAVITY 
IN THE TREATllENT OF TUBERCULOUS EJIPYEJIA 

Enrkjuk Staixks, M.D., and CoNsunt.o Cardenas, JI.D. 

JIkxico City, Mexico 

W ITH tlio iidvoiit of slreptomyciii to the tlierapciitie arsenal against tubercu¬ 
losis’"’ ’■ many hopes arose that it would be a great help in the management 
of tuhorculons empyema. Indeed, the gratifying results obtained with this 
antibiotic in other loealization.s of tuhcreulosi.s, the advantages of penicillin in 
the local treatment of nontubcrenlons empyema (associated, of course, with 
■sound principles of surgical drainage) made it reasonahlc to expect similar 
good results with streptomycin in tnbereulous rin]iyeina. Disappointment and 
disillusion came with early rciiorts; with the exception of Dobrie, Alhcrtal, and 
Rodriguez Olivares,’ it is a unanimous opinion that streptomycin is of little or 
no value at all in the treatment of tuberculous cmp.vema,’' *■ ’■ ”■ ”■ ” 

Such feelings are cxiirossed by the Statements of the Committee on Therapy 
and Sub-Committee on Strc])toniycin of the American Trudeau Society! “Strep¬ 
tomycin therapy is not recommended for ti’catment of chronic empyema of 
tuberculous origin, because of its apparent ineffectiveness in studies thus far 
reported;’’’ and by the la.st of the Reports to the Council on Pharmacy and 
Chemistry of the American Jlcdical Association: “Chances for the snceessful 
control of tuberculous omp.yema with streptomycin thcnipy would appear to lie 
excecdingl.v remote. ’ '■* 

Why has Streptomycin been ineffective so far, in the control of tuberculous 
empyema ? 

There are two ])harmacologic and laicteriologic facts of extreme importance: 
First, streptomycin action is inhibited by an acid medium.’’ ’• *■ 

28 , . 11 , 35 Second, tuberculous emjn cma has an acid reaction as has been proved 
by several investigators.'"’ ”’ ” 

Neglect of those facts account, in our opinion, for the failui’Cs so far ob¬ 
tained, for nobody has reported attempts to reverse the acid reaction of 
tuberculous cmiiyema during strciitomyein therapy. Furthermore, in 19'39, 
Canova and Agncllo'" found out that if the cmpj’cma gets worse its pll goes 
down; but on the contrary, imiirovcmeiit of the empyema is paralleled by a 
tendency to alkalinization of the pus. According to Tj’ossarclli” in 1933, a 
pleural fluid with a pH above 8.1 inhibits the growth of tubercle bacilli in 
artificial media. These facts are of capital importance; the iire.sent treatment 
described by us has its foundations on them, associating, of eour.se, sound 
principles of sui'gei’j’ for evacuation of the purulent material. 

But there is another important factor in handling empyemas: broneho- 
pleural fistulas. Coryllos," Auerbach," and Ornstcin and Ulniar” have explained 
the pathogenesis of tuboreulons cmiiyema in the course of intrapleural pneurno- 
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DISCUSSION 

Our usual aiiestlielic jiraetice consists of induction by open ether for a few 
minutes, followed by introduction of an endotracheal catheter Avith an inflatable 
cuff. When the cuff is inflated, the respiratory exchange is carried on exclu¬ 
sively through the catheter. A convenient length of rubber tubing connects the 
catheter to the apparatus, Avhich has been previously adjusted to a proper rate, 
air pressure, and concentration of etlier. The respiratory rhythm is soon con¬ 
trolled by the machine, and tlie only subseciuent adjustments involve shifting of 
clamps on the tubing to vary the dcjith of anesthesia. It may be necessary to add 
ether during prolonged procedures. At the completion of operation the catheter 
is disconnected from the apparatus to allow resumption of normal re.spirations 
before removal of the endotracheal tnbe. Spontaneous breathing is resumed 
usually in a minute or le.ss. The macliine provides satisfactory anesthesia in dogs, 
cats, or monkeys. 
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and 3 were In'oncliocxtrapleiiriil fistulas (B.E.P.)- Three patients had 
cutancovxs-cxtrapleuval fistulas (O.K.h’'.)- 

DKinxiTioN or curreniA 

Complete cure o£ the empyema is considered here Avhen there was total 
disappearance of fluid, when the cavity became sterile and bronchial fistula was 
demonstrable no jnore. Improvement of the empyema is accepted when at the 
end of the treatment fluid in small amount is still present, but it must be serous 
in character and negative for acid-fast bacilli in repeated examinations*, i>aticnts 
with dry, sterile cavity but in whom a fistula is still present at the end of the 
treatment are considered as improved. The empyema is labeled unimproved 
when Koeh bacilli arc still pre.sent in the fluid at direct examination, no matter 
if there is general improvement and the fluid changes in physical charaeteristics; 
ea.ses with puxatlcnt, sterile fluid arc considered as unimproved. 

Criteria for improventent and unimprovement might seem rather severe, 
but any new procedure or technique must be tested rigidly. 

If parenchymal lesions are under satisfactory control by pneumothorax, 
hut not completely arrested, the pneumothorax is maintained. In tliose with 
arrested lesions, the lung is allowed to rc-expand. AYhen the imcumothorax is 
doing no good for the pulmonary lesions, the program and form of collapse 
therapy is changed after healing or improvement of the empyema takes place. 
Patients in whom bronchial fistula is still pre.scnt after streptomycin therapy 
will be submitted to surgical treatment. 

nrsuLTs 

Cured (23 patients).—Complete sterilization of the cavity and total dis¬ 
appearance of fluid was accomplished in all. Ten had extrapleural empyemas 
and 13 intrapleural empyemas. Two bad B.E.P., 9 B.I.P., and 1 C.E.P., all 
proved at tlie onset of treatment; all were closed at the end. 

Improved (10 patients).—In 8, a small amount of serous fluid, negative for 
acid-fast bacilli, Avas still present at the end of treatment; in fact, they are 
residual sterile exudates. The other 2 patients, both have their cavities com- 
pletly dry and negative, but treatment failed to close their bronchial fistulas; 
1 is B.E.P. and the other is B.I.P. 

Vnitnproveel (2 patients).—Both had fluid at the end of the treatment. 
One of them has a persistent eutaneou.s-cxtrapleural fistula provoked by repeated 
tappings at the most dependent site of the empyema, done elsewhere; this 
patient still has purulent fluid but negative for acid-fast bacilli. The other 


Table I 




NUMBER OE Pa\TXENTS 

) PER CENT 


Cured 

23 

05.7 


Improved 

10 

28.(5 


Unimproved 


5.7 


Worse and deaths 

0 

0.0 


Total Good results 


04.3 


Uiicliant'eil 


5.7 
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thorax by the occurrence of bronchopleural fistulas. Their works are widely 
known and need no further comment. For correction of fistulas, parenteral 
administration of streptomycin is the logical step; closure of fistula and 
sterilization of caseous foci ruptured into the pleura can he accomplished, 
provided that (a) the fistula be recent, .small, and with no fibrotic mouth, and 
(b) the affected lung be maintained collapsed during the treatment. 

With the preceding eon.siderations as a basis, an original technique for the 
treatment of tuberculous empyema has been developed; we have employed it 
since December, 1947. 


TECHNIQUE 

For evacuation of the jnis by pleural tapping, wc prefer an anterior approach, liisli 
up, through the fir.st or second intercostal space at the level of the middle clavicular lino, 
with a fine trocar, sufficiently long to reach the posterior wall of the chest and having the 
patient in dorsal decubitus with slight Trendelenburg position. By proceeding in this fashion, 
total evaculation of the pus can be accomplished, for the tip of the trocar reaches the bottom 
of the fluid; the trocar tract is not continuously bathed by pus afterward, so chances of 
fistulization are greatly diminished. All thi.s, of course, is when there is an intrapleural or 
extrapleural pneumothorax space as there has been with all our cases. After local anesthesia 
of the skin and intercostal space is established with 1 per cent Novocain solution, a long 
trocar. No. 1(1, is inserted into the pleural cavity, the .sharp portion is withdrawn, and tlie 
cannula gently pushed until it readies the posterior wall of the chest. Aspiration of the 
pus is done with a syringe. Wlien tlie cavity is empty, a pleural lavage with generous amounts 
of normal saline is done until the fluid comes back completely clear. Then, to 1 Gm. of 
streptomycin dissolved in 15 c.c. of 25 per cent sodium citrate solution is in.iected into the 
pleural cavity and the cannula is taken out.* If there is mixed infection (as tliero vas in 
5 cases), 100,000 to 200,000 units of penicillin are introduced along with the streptomycin- 
sodium citrate solution; the associated germs disapjicared very soon, even in cases o 
putridity (2 cases). 

To promote healing of fresli, soft, small bronchopleural fistulas and to steiilizc 
foci ruptured into the pleural cavity, parenteral streptomycin is administered along i 
local treatment; we have employed low doses of 0.50 Gm. every twenty-four houis. euia 
permeability to streptomycin persists even in cases of thick pleura.^ ‘ > a-> 

Collapse therapy is maintained until total disappearance or impro\ement of 
empyema occurs. Then if it is considered helpful for the parenchymal disease, i ^ 
longed and maintained; or it is changed or discontinued according to the sta us 
pulmonary lesions. 


MATERIAL 

The material herein presented consists of 35 patients of both sexes, a 
adults, afflicted with tuberculons empyema; all under collapse theiap) , ^ 
fiuid was frank pns in all cases and Koch bacilli were found by diiect 
nation in every instance. The age of the empyemas ranged from one to 
months except in 1 case, 5 months old with wide, open, rigid bronchoextiap ei 
fistula. 

Twenty empyemas developed during intrapleural 
and 15 arose as complications of extrapleural pneumothorax. Bronc ua ^ ^ 
were demonstrated in 15 patients; 12 were bronchointrapleural fistu as ( • ^ 

*At the present time we arc using: a buffer solution with a alkaline sohi 

streptomycin for local instillation. The pleural lavage is done also v 
tion in order to reverse the pH of the pleural cavity quicUer. 
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TaUe III slunvs ro.sult.s aecordiii" 1o closure of fistulas. Wc believe that 
most cases of tuberculous empyema developed duriuK intrapleural pneumothorax 
are due to brouelioplciiral fi.stulas and discharge of caseous material inside of 
the pleural cavity. This is not ciuite as universal for extrapleural pneumothorax 
complicated with empyemas. As tests for tlie demonstration of bronchial 
fistulas, injection of methylene blue and mint essence as well as careful record¬ 
ings of manometrie pressure on pleural cavity were done. This last one gave 
in our hands the most consistent result.s. rnfortunatel.v, we did not perform 
gasometric studies which compi’ise the best method. 


Cured 


|lmprovenent | 


jUnlmproveneut - -- _ 

I or worse I_I 


Phrenic 

interruption 



Aspiration 




Surgical 

drainaso 



Hioracoplasty 
with or without, 
drainage 



Strcptonycin 

plus 

sodium citra.te 


Fig-. 1.—Comparative results. The percentages, except the streptomycin figures, were 
collected by Ehler” in a review of the cases reported from 1930 to 1941 by Hedblom, Jones, 
and Alexander, Skavlem, WoodruC, Berr>% Dumarest, and Rougy, Peters and associates, 
Sayago and Lastra, etc. 



Bronchial fistulas were demonstrable in 15 instances; 12 were B.I.P. and 
3 B.E.P. Thirteen bronchial fistulas were closed at the end of treatment; 
11 were B.I.P. and 2 B.E.P. Important facts for success are; age of the 
fistula and pathologic status of the opening. The 2 patients (1 B.I.P. and 1 
B.E.P.) on whom treatment failed to close the fistula.s had wide open fihrotie, 
old bronchial mouths. There were 3 ca.ses of extrapleui-al-outaneous fistulas. 
All reached us with their tracts already e.stablislied; 1 carrying tube drainage 
and the other 2 with fistnliiied needle tract.s, for they had been tapped several 
times elsewhere, at the most dependent place of the empyema. Two tracts 
closed spontaneously when the empyema disappeared and 1 is still open (Pig. 1). 
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is a patient with silicotubei-eulosis; intra])leural ]inenmotliorax was performed 
on him in order to stop reiieated massive hemoptysis; so far, tlie pnemnothorax 
has accomplished its liemostalie ]nu-pose Init has failed to control the limg 
lesions; this patient still has some linid in his pleural cavity, serous in charac¬ 
ter and positive for acid-fast bacilli. 


Table II. Foiijrs or CoLiiAi’SE lIiTtiiKo axd Aeteh Treatment 



NUMBEI! OF I’ATIENTS 

L'lUHiiiio.horax iiiaiiitiiinod 

oo 

LI Intrapleural 
f) Extrapleur.Tl 

Clianged to oleotliorax 

() 

I Intrapleural 
o Extrapleural 

Lung purposely rc-expandod 

«*> 



Arrested lesions 

Waiting for other proeedure.*5 

-1 



Table II shows the type of collapse during treatment and its outcome. The 
status of pulmonary lesions is the crux of such a matler. In 22 cases it was 
considered advisalile to maintain the pneumothoi’ax space because it was exerting 
beneficial influence upon the lung le.sions, although this was not yet totally ar¬ 
rested. Thirteen of such patients have intrapleural pneumothorax and 9 have 
extrapleural ones; 17 have their empyemas cured and in 5 they are improved. 

Six patients were changed to oleothorax (3 intrapleural and 3 extra¬ 
pleural) ; in all of them it was considered necessary to maintain the collapse, 
but all showed a tendency to develop symphysis after treatment of the empyema; 
in order to maintain the efficient space, mineral oil was used, only as an anti- 
symphysiary measure. Five have their empyemas cured and 1 improved. 

In 3 patients the lung was allowed 1o re-expand after healing of the 
empyema occurred. All had long-standing collapse with arrested pulmonary 
lesions; all have been under control for more than five months and their status 
is quite satisfactory for both pleural and pulmonary status. 

There are 4 patients waiting for other procedures to bo done. Two patients 
are improved and have patent fistulas, on them, thoracoplasty will be done. 
Two other patients are unimproved ones: one has a cutaneous-extrapleiua 
fistula and the other is a silicotubcrculosis patient. On the first, direct smgica 
attack upon the fistula is being planned; on the other, we ai’e perplexed about 
what to do, for we are completely pessimistic about the outlook for anj foim 
of collapse therapj- on silicotubereulosis patients. 


Table III. Inei.uence of the Treatment on Fistulas 



BEFORE TREATMENT 

after treatment - 

Broncliointrapleural 

12 

-n-^ 1 

Bronehoext rapleural 
Cutaneous-extrapleural 
,, Total 

3 

3 

IS (100%) 

2 J 

15 r83%) 
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3. Vbi i*iiA' VncAia: Tho fullfilhnciit of this old atid wise pvinciple of 
ijciicral siu'goiy is observed by evacuation of the pus through a safe approach to 
avoid fistulization. 

Tlic beneficial influence of the treatment is reflected two ways, local and 
general, fjocally, the fluid tliins out, becomes serous, the amount decreases, its 
reaction reverses to alkaline, and Koch bacilli disappear soon. Tlie general 
gain parallels local improvement; fever subsides, patient gets appetite and 
strength, and weight improves. There were no signs of intolerance for tlic 
streptomycin and no patient heeame worse or died in the jircsent series. 

The e.xcellent result.s obtained by this method can he compared with 
advantage with otlicr types of treatment for tuberculous emiiyema (see Pig. 1). 
Among 35 patients, 23 were cured (65.7 per cent). Ton patients wore improved 
(28.6 per cent); in eight of them, the eft'usion is not a ijroblcm anymore; 2 
other iiaticnts still have bronchial fistulas, hut sterile, empty empyema cavities. 
It can he fairly said tiiat in 94.3 per cent of the patients good resnlts were ob¬ 
tained. This is in a very sharp contrast with the results of strcptom.vciu 
therapy of tuboreulous cm|i.veraa obtained by the group of veterans hospitals 
as it was reported to tho Council of Pharmacy and Chemistry of the American 
Jledical Association tlicy reported 35 eases, too, and 22 of them were con¬ 
sidered as unimproved (01.4 per cent). In their report, tlicre is no mention of 
alkalinizatiou of the pleural cavity. 

SUMMARY 

Pailuro of streptomycin for the treatment of lulici’culous emi).yema i.s 
generally recognized. Tlic causes of this failure arc discussed. Four factors 
have capital importance; 

1. Streptomycin action is inhibited b.v an acid medium. 

2. Tuberculous empyema c.vudate has an acid reaction. 

3. A high pH inhibits jirolifcration of Ifoch bacilli in pleural 
fluid. 

4. Early parenteral streptom.vein therapy may help to heal fi’esh, 
soft, small fistulas. 

An original techniijue for treatment of tuberculous empyema is presented. 
This techniciue is based on the following: Alkalinizatiou of the pleural cavity 
plus local instillation of streptom.vein. Frequent removal of pus performed by 
pleural tapping through a high, anterior approach. Associated parenteral ad¬ 
ministration of streptomycin. 

Advantages of this technique arc enumerated, and results obtained in 35 
eases of proved tuberculous empyema arc presented. 

The technique described gives better results than any other procedure 
emifloyed uj) to now for treatment of tuberculous empyema. 

Jrl'iioicletlf/jneni .—tVe .arc very grateful to Pr. Feruando Quijaiio-Pitmun for hia valu¬ 
able help in the realization of our a'ork and ids assistance in tlio translation of this paper, 
to Dr. Alberto AIonnier-Millote for doing the laboratory work in our cases, and to the staff 
of tlic Unidad de ffeuniologla y Cirngia dc Torax del Institnto Mc.vicano del Segiiro Social 
and other colleagues who sent us their patients with tuberculous empyema to bo treated by 
our method. 
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DISCUSSION 


Since Deccmlier, 1947, wlicn avc began lo employ tlie treatment herein 
described, -sve have finislicd treatment in 25 cases of tuberenlons empyemas. 
All had purulent finid, positive for acid-fast bacilli. Most of them reached ns 
■with their empyemas already e.stabli.shcd and were kindly sent liy other col¬ 
leagues who knew our intere.st in the sul).iect. Presence of fistulas was routinely 
investigated by intrapleural instillations of methylene blue and mint essence 
and by manometric studies of pressures of the empyema cavity. Gasometric 
.studies were not done. We believe that the real number of fi.stulas was, in 
fact, greater, but many were too small, of valvular action, intermittently open, 
and not detectalile by the methods employed b^' us. Ninety-one and seven-tenths 
per cent of B.I.F. were closed at the end of the treatment and 4 out of 6 B.E.P. 
and C.E.F. Avere closed, too (66.7 per eent). The frecpiency of aspirations 
varied widely and was regulated b.v the reproduction of the fluid; usually they 
were made Avith intervals of from four to ten days. We prefer by far to make 
repeated aspirations over the use of tube drainage on the most dependent site 
of the enpiyema, in order to obtain better control of the pneumothorax Avhen it 
is indicated to maintain it and to aA'oid chest Avail fistulas, as it A\'as Avith one 
of our patients Avho came to us carrying his tube. Performing the aspirations 
through an anterior approach, high up, in the first or second intercostal space, 
far aAvay from regions continuously bathed by recurrent pus, minimizes the 
risk of a chest A\mll fi.stulizatioii by repeated tapping at the most dependent 
site of the empyema; Ave have 2 of such patients Avho came to us Avith fistulized 
needle tracts. 

Our technique has its foundations in: 


1. Sound bacteriologic and pharmacologic principles: r 

(a) Streptomy'cin action is inhibited by an acid medium. 

(b) Tuberculous empyema has an acid I'eaction. 

(c) Pleural fluid AAoth pH above 8.1 inhibits groAvth of Koch 
bacilli. 


Therefore, alkalinization of the pleural cavity must be done to create a favorable 
medium for streptomycin action and to make difficult the groAVth of Koch bacilli- 
This is accomplished by instillation of 25 per cent sodium citrate solution plus 
streptomycin into the pleural caAuty* 

2. Pathologic facts: The pathogenesis of tuberculous empyema during inti a 
lileural pnieumothorax and sometimes during extrapleural pneumothorax is due 
to a bronchial fistula and discharge of caseous material inside the caA'ity. Eai .a 
local attack and parenteral streptomycin before irreversible fibrosis has taken 
place are the logical steps for correction of this condition. Failure to c osc 
bronchial fistulas in this series is due to old fibrotic openings. 

*The important principle of alkalinization of the medium plus seg- 

have wider applications for the treatment of other forms of tuberculosis. f tubercu- 

mental instillations of streptomycin plus sodium citrate solution into giant !"”.pitn,an== hi 
lous origin, located at the posterior basal segment are being done by Ur. Qf course, 

2 cases with quite satisfactory results, to improve the cavity bronchus coMu.ion. p.jjj,,j„ 
collapse therapy will be associated when the local condition will permit it. ly- posterior 

also has injected transparietally this solution into a giant cavity locaieo on 
segment of the right upper lobe before thoracoplasty. 
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A0DENUM 

A first report, induding 30 cases, was delivered in Spanish by us at the Third National 
Congress of Tuberculosis and Silicosis held at Mexico City in January, 3949. Shortly there¬ 
after, at the same Congress, Professor Attilio Oniodei-Zorini from the Porlanini Institute of 
Rome, presented a paper in which he stated that on a date posterior to the initiation of our 
work and without previous knowledge of it, the Italian authors began to employ a method 
for the treatment of tuberculous empyema based on the same principles on which our method 
is founded. Their technique, however, differs slightly from our.s, for they use permanent 
clo.'^ed drainage by means of a tube inserted on the most dependent place of the empyema; 
they perform dail}" lavage and instillation of streptomycin plus sodium ifiiosphate instead of 
sodium citrate. Up to January, 1949, they had treated 22 cases of tuberculous empyema 
with quite satisfactory results. 
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This sliort ])aper is based on the experience of seventy-two complete thoraeo- 
plnslics without a single ease of infection, cither deej) or sni)crficial. In all 
these eases the lower one-halt of the scapula was resected pilor to resection of the 
ribs and early bedding of the reinainiiig scai)nla was obtained after the first 
stage. 

In sixty-three eases the seaimla was resected through a small incision along 
the vertebral border of this bone. Following the resection of one-half of the 
scapula, it was found that the trapezius and rhomboids need only be partially 
divided, as the direction of the scapula retraction was toward the shoulder in¬ 
stead of toward the axilla when the bone is intact. The latissimns and the ser- 
ratus were spared altogether. In some cases the division of trapezius and rhom¬ 
boid was so limited that the operation could have been termed a “psendo-Pino- 
chietto thoracoplasty.” It is granted that the exposure was not a very ‘‘com¬ 
fortable’’ one, but in thin patients it was quite sufficient. 



As is alwaj's the case with surgical techniques, I have found now that the 
rhomboid need not be divided at all, and even the trapezius can almost be spared, 
e.xcept for a small incision across its scapular edge, if the operation is performed 
through the transscapular approach that I am about to describe. As can be 
seen in tlie accompanying illustrations the technique is quite simple. 

The skin incision can be a limited periseapular one, starting between the 
spine and the superior angle of the scapula, round this bone, to its inferior angle 
(Pig. 1). The skin flap overlapping the scapula i.s then undercut until the lower 
one-half of this bone is freed all over (Pig. 2). The infraspinatus is incised along 



TRANSSCAPULAR THOR A COPLASTY 


Alfred J. Coello, M.D. (Barcelona) 
Barrow-in-Furness, England 

T his subject, unorthodox division of muscles in t]ioracoplast.y, ina.y not be 
considered by many surgeons as an important or interesting one. Neverthe¬ 
less, several papers have been written on it, some of them quite original, like: 
“Thoracoplasty Without Section of Muscles” by Pinoeliietto and "A Musculo- 
plastic Inei.sion for Posterior Thoraeopla.sty” by Brock. Head and Wangensteen 
have also performed this operation through small incisions with splitting of 
muscles without dividing them. All these authors aimed at reducing the post¬ 
operative reaction, minimizing the impairment of shoulder movement and the 
amount of pain, and even bringing down the incidence of wound infection. 

Wound infection in thoracoplasty operations is not so uncommon as it is 
generally believed. As Wangensteen said long ago, “the leaving of a ‘dead 
.space’ which must fill with blood and sanguineous transudate invites infection 
and is admittedly in conflict with the Avell-estalfiislied principle of obliterating 
all planes in which fluid may collect.” According to Overholt and Betts, “the 
reports from the literature indicate that some degree of wound infection occurs 
in approximately 15 per cent of all ca.ses.” Gale and Oatway reported 18 per 
cent of infections in their 1936 series and only 9.5 per cent in their 1937 series. 
No doubt, with the great advances accomplished in thoracic surgery in the last 
years, the incidence of wound infection in thoracoplasty is considerably lower 
than it used to be. 

In my paper, “Scapulectomy and Thoracoplasty,” I tried to prove that in¬ 
fection of the extrapleural space can easily be avoided bj' following the advice 
given by AYangensteen, that is to say, by the early obliteration of that space. 
This can be accomplished by the resection of the lower one-half of the scapula 
during the first stage. 

AVangensteen’s advice to fill the extrapleural space Avith a .synthetic rubber 
sponge coated Avith paraffin, like other procedures recommended for the obliteia 
tion of the “dead space” Avith different materials, had to be giA'cn up on ac 
count of a high incidence of failures. 

In 1947 I thought that aa’c had found the ansAver to extrapleural infection 
by the prophylactic use of penicillin-sulfathiazole poAvder, sprinkled ovei t le 
operative area before the closure of the Avouncl. Tavo cases of deep sepsis, occui- 
ring after the publication of my paper, have strengthened even further mj 
conviction that the best and surest method of avoiding infection of the extra¬ 
pleural space is by the early obliteration of the “dead space,” by the appositwn 
of the Avails of this space, particularly its posterior and antei’ior Avails. i 
teriorly Ave knoAv that the infraclavieular fossa Avill “sink” immediately a tei 
resection of the anterior portions of the first three ribs. It is only the piese 
of the scapula that will keep a “dead space” oAmr the collapsed lung. 

Received for publication Aufj. IS. 1949. 
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an oblique line roughly following the direction of the underlying fourth ril) 
(Fig. 3). Through this opening the bone is freed subperiosteally. A tunnel is 
then made with the raspatory between tlie scapula and the suliseapularis, wide 

Fip. 2. Fis. 3. 





enough to allow later on its division with the bone rongeur (Fig. 
bone cutter at our disposal can do this job so neatly and quickly. T ie 
divided by sucessive lutings. The end bridge at the axillary border of t le sea 
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vliomboid iieod only be split along its fibei-s. The operation can be clone in a 
short time, the amonnt of trannia is minimal, the postoperative recoveiA- is very 
(piiek, and above all, it is an exrclient proidiylaclic mcasnre against cxtraplcnral 
space infection due to the early obliteration of tiiat space. 



FIs. 11. FIS. 12. 
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scissors (Fig. 7). The opening thns obtained is then enlarged by vigorous 
manual separation of its edges, upward and downward. The retraction of the 
remaining scapula will now be toward the shoulder, and if a self-retaining 
scapula retractor like the one described by Overboil is available, the operation 
can be performed single-handed (Fig. S). 

The division of a few fibers of Ibe trapezius needed foi- this approach can he 
done either now or at the beginning of tbe operation. I usually begin by resect¬ 
ing a segment of the fourth rib. This is followed by complete resection of the 
third, second, and first ribs in thal order. At the end of the operation all the 
stitching up that is wanted is a few stitches over the infrasjiinatus and trapezius 
as shown in Fig. 9. As the upper one-half of the scapula falls in and gets bedded 
into the deeostalized upper chest, the result can be seen in Figs. 10, 11, and 12. 



This approach may not satisfy surgeons who, quite xdghtly, want to opeia e 
with a “comfortable” exposure, but it is certainly adequate for those y ho aie 
very concerned about making this operation as little traumatic as possible, i 
patients recover much more quickly than with the extensive periscapulai dn isio 
of muscles. For a second stage all that is needed is to reopen the old incision 
and extend it downward from its middle toward the spine (Fig. 10, CD). 

SUMMARY 

A new approach for an upper thoracoplasty is described by means ofji 
transscapular incision with division of the infraspinatus and only a few 
the trapezius. The lower one-half of the .scapula has to be resected aiu 
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If is sekloin flial hup pnconniei-s marked syniptonis from careinoHia of tlie 
hiiiff niUil sopoiidaiy infection lias intervened. It aiipoars that there is a 
decreased liability to parly inl'eetion in tumors ai'i-sinfr in the upper lobe arca.s. 
When a study is made of the loealizatiou of primaiy careinoma, it is found 
that from 40 to 40 iier cent of the lesions arise in an upper lobe. In a recent 
study made in our clinic of 112 primary earpinoma.s of the lung 51 of the 
lesions were found to arise in an upper lobe. 

Pig. 1 signifies the proiiortion of jiatients found to deserve e.xploratory 
thoracotomy and the jierccntage of tlio.se justifying resection, in an over-all 
total of 2,731 patients derived from reports from the literature. The second, 
and .similar column, signifies the .same faetois in 112 pci-sonal eases. 
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Fig:. 1.—Graphic representation showing: the existing frequency of inoperable primarj* 
pulmonary carcinomas. Incidence of explorations and openibility in series from literature 
and from this series. 


Pig. 2 is presented to show the localization of the primary site of the tumor 
in the 112 patients wliich the author ha.s described elsewhere.' Our e.xperience 
lias hcen verj' similar to that of other investigators in tliat approximately 50 per 
cent of the patients in Avliom a diagnosis of carcinoma is made arc found to be 
in an inoperaide condition. In both our experience at Emory University and 
a study of the figures made at the Barnes Hospital, St. Louis,- we have found 
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Fij;. 2.—^TJdsi chart recoidfi the localization of the primary neoplasm in 112 proved case.s 
or primary piilmonaiT caroiiioniti. Particular 8tres.s i.s place<l upon the primaiy If.sioii arj.sIiiK 
m the upper lobes in .'H of tiie total cases, or 42.8 per cent. 



EXPERIENCES WITH THE SURGHCAL RESECTION OF THE HUiHAN 
CARINA, TRACHEAL WALL, AND CONTRALATERAL BRONCHIAL 
WALL IN CASES OF RIGHT TOTAL PNEUMONECTOMY 

OSLER A. Abbott, i\I.D. 

Atlanta, Ga. 

TT HAS been a eoiniiion nnfortuiiale experience for physicians to discover car- 
1 cinoma of the right upper lol)e in sucli an advanced stage of its existence as 
to be felt beyond tlie help of surgical attem])ts at cure. In an over-all .survey 
of the literature and personal cases with carcinoma of the lung totalling 2,843 
patients, approximately 50 ])cr cent of the patients are found to have the dis¬ 
ease bejmnd the confine,s of the involved hemithoi-ax, and therefore are con¬ 
sidered inopei’able. Of the remaining 50 per cent of the patients, in whom 
exploratory thoracotomy is felt to be .iustified, 36 to 60 per cent of those explored 
are found to have the lesion still in a re.seetable condition. Therefore, in an 
over-all summary of case reports found in the literature one may expect to find 
from 18 to 30 per cent of the ])atients, in whom a diagnosis of primary carcinoma 
of the lung is made, to have the disea.sc in a stage satisfactory for one to feel 
that total pneumonectomy is justified with hope for eradication of tlie disease. 

The accei^ted ex])lanation foi' this remarkably poor outlook for carcinoma 
of the lung is felt to be due to three main factors. The first factor is the very 
insidious course of carcinoma of the lung in regard to early .s.^’^nptomatology 
and its marked ability to imitate other less serious lesions in the pulmonary 
system. The second factor has been the delay caused by the patient, consisting 
of the interval from the onset of .s^^nptoms to consultation with his physician. 
An inadecjuate conseiousne.ss of the po.ssibility of this disease by the laity may 
therefore be considered to exist. The third and final factor has been the delay 
consequent to the physician, from the time of patient consultation to the making 
of a probable or positive diagnosis of carcinoma. 

Certain new technical advances toward earlier positive diagnosis have re¬ 
cently appeared. These consist of (1) the study of the sputum and bronchial 
secretions for possiljle neoplastic cells, and (2) the increasing use of screening 
x-ray programs. As a result, these patients are being brought to the attention 
of the thoracic surgeon at an increasingly earlier stage of their disease. Cei- 
tainly this has been true of lesions arising in the lower lobes. However, primai.> 
carcinoma in either upiJer lobe is still remarkabh' liable to be seen in a late 
stage in the course of the disease. Tliis is considered to be due to two funda¬ 
mental factors, namely, the marked tendency to consider an upper lobe cai- 
cinoma to be a tuberculous lesion, and an apparent teiidencj^ for upper lobe 
lesions to become symptom-producing at a later stage in the disease than that 
which is seen Avith loAver lobe tumors. 

From the Emory University Scliool of Medicine, Department of Surgery (Thoracic)._ 

Read (by title) at the Twenty-eighth Annual Meeting of The American Associatio 
■ Thoracic Surgeiy, Quebec, Canada, May 31, June 1. 2, 104S. 
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Iiavo a similar concept oC tlie potential danger of a large open area in tlie 
stump of tlie main-stem bronelms or even in the presence of a large area of 
excision of the lateral wall of the trachea and carinal region. It is our inter- 
jn-ctation, based upon tlie fundamental concepts portrayed by the empyema 
commission,'' that adeipiato aeration of the remaining Inng may he obtained as 
long as two factors are considered, namely, the maintenance of the mediastinal 
structures in tlicir midline position, and the obtaining by tlie remaining lung of 
adequate amounts of oxygon. 

It has been the policy of onr clinic to support the mediastinuni liy traction 
.sutures either in the wall of the involved bronchial stnm]), the trachea, or sui'- 
vonnding mediastinal structures whenever an oiicn bronchial stnmp is produced. 
Emphasis is placed upon adequate suction measures in the region of tlie open 
stnmp, to prevent tiic spillage of blood or other materials into tlic functioning 
traclicohroiichial tree. Purtliermorc, at the time during which the bronelms is 
oiionetl, special suction tips are introduced to allow adequate cleaii-ont of the 
tvachcohronchial tree whether one is performing a pnenmonectomy or a 
lohoctoiiiy. AVe liave been impro.ssed with the marked value of this procedure 
and its complete freedom from danger. The .suction miiiienvcr is carried out 
with duo consideration of ttio removal of o.xygcn wliich is being delivered to the 
patient .so that the actual time interval of .suction is limited at all times to 
periods of thirty seconds, 

AVe liave also found clinical eoiifirmatioii of tlie concept indirectly presented 
ill this regard by the empyema eomniission, relative to the ammiiit of paradoxdcal 
or disturbed respiratory function which may he permitted In relation to tlie 
patient’s vital capacity. Thus, in a patient with a marked decrease in function 
of the contralateral lung, it may he necessary to introduce the endotracheal tube 
past the area of open trachea into the main broiiclnis. Piirtheriiiore, a patient 
may have a ])OtentialIy liigli vital capacity of tlie remaining lung tissue niarkodl}’ 
disturliod by aspiration of material spilled over from the resected, di.scased 
lung tissue. Adequate aspiration through the tracheal defect will then permit 
withdrawal of the endotracheal tube and oxygen delivery so long as the 
mediastinum is supported. It sliould he mentioned tliat this operrttion is only 
performed with the patient supine. An anterolateral incision is utilized when¬ 
ever tracheal or carinal region is planned or considered a possibility. 

In all patients undergoing this procedure, a very marked piiysiologic dis¬ 
turbance cliaracterisfic of anoxia could ho produced by rclaxation of the 
stabilization sutures in the mediastinum prior to closure of the traeheohroiichial 
defect. It is felt that this stabilization allow.s the intrapleural pressure in the 
left hemithorax to become adequately negative in relation to atmospheric pres¬ 
sure to allow adequate aeration of the left lung. As this mediastinal sni)port 
is relaxed there ensues a defi-easing expamsion of aerating left lung with 
resultant progressive anoxia. In correllary fashion overdisi))acenient of tlie 
mediastinum toward the rigid will deerea.se the efficiency of expiration. There¬ 
fore these stabilization sutures are rctraeted only to maintain the persisting 
portions of trachea and left main-stem hronchus directly above the dorsal 
vertebra AA’^ith this in mind, there is considerably less chance for these traction 
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the highest proportion of inoperalile eases to eonsist of patients with upper 
lobe lesions. Tims, inoperable lesions Averc considered present in from 70 to 80 
per cent of upper lobe tumors. 

A further subdivision of these lesions has shown an even greater tendency 
for lesions arising in the right upper lobe to present them.selves in an inoperable 
condition. The apparent reason for this higher inoperable tendency has been 
considered due to two main causc.s, namely, the proximity of the superior vena 
cava to the primary lesion, as Avell as the frequency with Avhieh right upper 
lobe lesions travel upward along the right lateral tracheal Avail, and/or im-olve 
the earina and medial AA'all of the contralateral bronchus. 


Claggett and his co-AA'orker.s’* pre.sented a A'cry detailed and valuable study 
shoAA'ing the marked tendency for bronchiogenic carcinoma to travel in a 
ecphalad direction along the trachea and bronchus. He has suggested that one 
should obtain from 1.5 to 2.5 cm. of uninvolved bronchus proximal to a tumor 
if one is to hope to achieAm eradication of this lesion. 

The marked variance for the site of origin of the right upper lobe orifice 
has received considerable comment. Although the average normal position is 
described as 2.5 cm. beloAV the earina, a much higher point of origin is fre¬ 
quently seen and occasionally the oi-ifice may' arise from the lateral Avail of the 
trachea itself. Therefore, in vicAV of the A'ariable sites of origin of the right 
upper lobe orifice, as Avell as the marked tendency for le.sions arising in the 
upper lobe to present involvement of the trachea or earina at the time of 
definitive diagnosis, it is considered that the technical eonsidei'ations utilized in 
pneumoueetomy, Avherein a right upper lobe tumor is present, must of necessity 
differ from similar considerations A\dierein the primary lesion arises at a greater 
distance from the trachea and earina. 


The purpose of this communication is to describe our personal expei’iences 
Avith an attempt to extend the indications for resection in light upper lobe 
carcinoma of the lung. Certainly one should not condone the need to haAT to 
carry out a considerably more hazai'dous and extensive resection, and the 
primary purpose of the men interested in this subject should be made tOAvaid 
an earlier diagnosis of the lesion before this type of complication is presented. 


Nevertheless, it is felt that there Avill be certain patients, even in the presence 
of an early diagnosis, in Avhom the position of the primary tumor aaoU require 
the excision of tracheal Avail, earina, and contralateral bronchial Avail in oidei 
to obtain an adequate margin of healthy' tissue beyond the primary lesiom 
The author also feels that the method A\diich is to be presented aagII, in ^ 
probability^ be discarded as the fundamental experimental Avork of Dame 
achieves a safe application to the human being. HoAvever, in our expenence.s 
with this method, Ave have also encountered certain interesting physiologic an 
physiopathologic clinical observations AAdiich are felt to lie Avorthy- of repoit 
One frequently" encounters statements in the literature indicating a eai 
on the part of the operating surgeon of the danger consequent to an open 
stump during the performance of total pneumonectomy. In a recent 
by" Strieter,® in discussing the Amlue of intraeardiae adrenalin in cai 
resuscitation, this conee])t A\"as again stressed. In bur clinic aa e c o 
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Wc have adlicml to the policy at the time of vemova! of a lung foe car¬ 
cinoma to obtain frozen sections upon the proximal slump of the bronchus of 
the resectccl lung. Shoubl tlii.s reveal evidence of submucosal exten.sion of tbo 
tumor, or direct examination of tlie rcsccfcd .specimen .show that an inadequate 
margin of normal tissue ha.s been removed, surrounding traelieal wall, carina, 
or contralateral bronchial wall is removed until such an adequate margin i.s 
felt to have been obtained. 

With thc.se ])rincii)le.s in mind, onr first patient to bo considered in this 
diseitssion was encountered eleven months in-ior to the writing of this paper. 
In order, to eradicate the area of disease we were left with a large oval defect 
extending one inch up the right later.al tracheal wall, and the earina, together 
with a portion of the medial wall of the left main-stem bronchus, was removed. 
The cartilage on the lateral wall at the .iiincture of the trachea and origin of 
the left main-stem hronehus was found to produce a marked inward projection 
of tlie wall with consequent occlusion of the airway, when the trachea was held 
in the midline, and an increasing degree of ohstniction was produced as the 
mediastinum was drawn toward the riglit side. It w.is obvious, therefore, that 
the olnsuro of tliis defect by a nonrigid substance sueb as a large pleural graft, 
would be unsatisfaetoiy. h'’urthermoro, such a graft could be com])i'e.ssecl to¬ 
ward the loft lateral wall of the tracheobronchial juncture with iiicroa.siiig 
pressure praclucod within the right hcinithorax. 

It was found that by moliilization of the tissue.s adjacent to tins area, that 
the ba.sie plastic surgical principle of a transvcr.so closure of a longitudinal 
wound would botii enlarge the lumen of the airway as well as tend to swing the 
loft main-.stem bronchus into a more .vertical position (Fig. 4). The endo¬ 
tracheal tulle was therefore advanced downward to the left main-stem hronehus 
and sutures laid, in order to accomplish this repositioning, and a satisfactory 
closure obtained. This defect was then covered witli a pleural graft and no 
complications woi'o encountered until the endotraclienl tube was withdraivn up 
into the traciiea and positive pre.ssiii'e introduced. 'When this was done tlie 
mediastinum tended to move laterally toward the right thorax and evidence of 
obstruction was encountered. As soon as the positive pressure was released and 
the mediastinum allowed to resume a position slightly to the left of the mid¬ 
line, an adequate airway was obtained. Therefore, with these considerations, 
wlieii the patient’s thorax w.ts closed a slight positive pressure was maintained 
witliin tiie right iiemithorax. In this first patient, because of a fear of the 
liability toward disruption of the suture line, the right pleural cavity was 
evacuated of fluid and a positive prDS.snro pneumothorax maintained. 

The patient underwent an uneventful recovery but it was noted during the 
postoperative course, that when llie mediastinum shifted toward the right side 
and the inieumotliorax allowed to become negative in both phases, dyspnea 
ensued. It was necessary, therefore, to maiutaiu constant refills during the 
first six weeks jiostoiieratively, after which time an increasing interval was 
allowed apparently due to fi.xation of the mediastinal .structures. However, as 
time progres.sed there was a definite nndesirabic tendency for the mediastinum 
to assume a position to tlie right of the midline, whicii could not he satisfactorily 



910 


THK JOURKAL OF THORACIC SURGRRY 


sutures to lie pulled through the tissues hy an overzealous assistant. These 
sutures are removed or in some places utilized in application of the pleural 
graft overlying the suture line or artificial trachea. Fig. 3 demonstrates the 
typical placement of these stabilizing sutures. In our experience when the.se 
stabilizing sutures are properly used, there is no danger inherent upon an 
open major bronchial stump or huge intrathoracic opening in the tracheal wall. 
Furthermore, no positive pressui-e need be delivei’ed into the surviving lung nor 
direct instillation of oxygen unless there exists a markedly lowered vital capacity 
in that lung. 



Fig. 3. Artist’s drawing demoii-strating the placement of traction sutuies used 
the trachea and left main-stem broncluis in patients undergoing resection ot tnesc 


to stabilize 

structures. 


We have been sufficiently impressed with this basic concept that 
utilized it in the repair of large tracheoesophageal fistulas in newborn in an.' 
Thus, in the newborn child in whom a large area of atelectasis and consi ci< ^ 
soilage of the bronchial tree is presented and preoperative bronchoscopie mea^s^ 
ures are required, we supjiort the posterior surface of the trachea 
transsecting the area of fistulous communication. After the area of fistu a 
been transected, a small catheter is introduced directly into each mam s 
bronchus to clean out the bronchial tree. We have found this proce me 
of a definite benefit to the patient, and apparently without associate an^ 
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by an abtloniinal distention as well as an episode of acute gastric dilatation. 
Again these complications did not respond to Wangensteen suction alone, but 
required the maintenance of a posith-e pressure pneumothorax on the right. 
The patient was discharged from the hospital three weeks following surgery, 
hut failed to return for jnicnmothorax refill and was admitted to the hospital 
in severe respiratory and abdominal distress three weeks later. Abdominal 
symptoms had been present for approximately five days and associated with 



FIs. 12. Fie. 13. 

Fig. 12 (P. U.).—Poi’taUIe x-vuy Him stuiljr ot chest illURtvatinfr poRlUon of newly con- 
Rtructecl airway after cinorR’cncy right positive pressure pneumothorax. I..cft hilar sliacTow 
represents site of contialaternl spreart of tuberculosis. This patient bail both carcinoma anti 
active pulnioiiaiT tuberctilosis in re.sectetl right lung. 

Fig. l.'J fP. It.).—Illustration of specimen of lower trachea anti left main-stem broiichii.s 
obtained at autopsy 70 days following operation. Defect closed by transverse closure of 
longitudinal lateral ollptlcal ilcfoct, Sati.sfactory prlnmrj' lieallng obtained, Two silk .suture.*? 
visible at closure site appear loose and ready to be coughed up. 


severe ob.slipation. A feeal impaction was removed, hut adofinate relief of 
symptoms was not obtained until i-eposition of the mediastinal structures had 
occurred. This patient was alive nine montli.s following operation, without 
evidence of recurrenec of disease. 

A fourtli patient (h’igs. 12 and 13) with advanced primary riglit upper 
lobe carcinoma underwent similar operative procedure in December, 19-17. No 
untoward difficulties were experienced at the operating table, bnt one hour 
following completion of the operation severe acute respiratory distress occiUTed, 
and it was found that the mediastimim had become markedly displaced toward 
the riglit, with considerable escape of air from the riglit pleural cavitj' into the 
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not available for direct visual examination or biopsy. A gastroenterostomy was 
performed, but following operation the patient persisted in marked pyloric 
obstruction and a nonfunctioning stoma Avith persistent nausea and vomiting. 
It was interesting to note that this nausea and vomiting persisted despite the 
institution of adequate Wangensteen .suction. In view of this situation being 
noted prior to exploratory la])arotomy, sjrecial attention Avas paid at that time 
to the possibility of a low "closed loop” obstruction. No evidence of any form 
of intestinal obstruction Avas discovered. It Avas felt necessary, thei'efore, to 
attempt to displace the mediastinum again to the left of the midline, AA'hieh 



Fip. 10. Fif?. 11. ■" 

Fiff. 10 (H. H.).—Postoro.interior x-rjiy Him study sliowiiipr complete atelectasis ligl't 
upper lobe. Diagram insert illustrates degree of tracheal and carinal extension of the pnnao. 
lesion. Note also the massive air siiadow below left diaphragm produced by megacoion. 

Fig. 11 (H. H.).—Postoperative x-ray Him demonstrating position and outline of newJy 
constructed airway following radical risilil pnoumonocloniy. 

could not successfully be done Avith air, and plasma Avas injected into tlie right 
pleural cainty under considerable pressure. Again this repositioning of the 
mediastinum produced allcAuation of the gastrointestinal symptoms and plasma 
has periodicall.y been replaced in the thoracic cavity since that time. Tlie 
patient Avas alive and Avell eight months folloAAung the original pneumonectonp, 
AA'ithout GA'idence of recurrence of disease. It is our feeling that this patien 
presented persistent complete pyloric obstruction produced in some reflex fashion 
bj^ faulty displacement of the mediastinum. This severe spasm did not responc 
to large doses of atropine or to Ureeholine. 

A third patient (Figs. 10 and 11) Avith advanced primary carcinoma 
arising in the right upper lobe Avith involvement of the carina and right 
tracheal Avail Avas operated upon in October, 1947. This patient preseiite 
preoperative complication of a massiA'e megacolon, Avhich markedly clisp ‘ 
the left diaphragm upAvard. The patient’s postoperative course Avas comp ie<'> 
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cilioniatous tissue wiis found within the thorax. Tlic exact cause of death iii 
this patient is not explained, hut is felt to be due probably to a summation of 
several factors, namely, the chronic pneumonitis in the left lung, the empyema 
in the right lung, and some destructive changes in the liver which might well 
have been produced by prolonged anoxia. 



FIff. 14. Fig. 15. 

PIff. 14 (E, C.).—Postfroantcrior view of cheat showing obstruction of right upper lobe 
and main-stem bronchus. Tumor extended up the trachea and across the carina. 

Pig. m (E. C.).—X-ray flint of chest taken following extensive tracheal wall and left 
main-stem bronchial wall resection and radical right pneumonectomy. New airway con¬ 
structed about a glass tube. Tills glass tube was cs.*'cntiaHy i-adlolucont. 

It should he mentioned that in all the pi'eviously mentioned patients in 
whom this large area of tracheal reconstruction has hoon carried out, it has 
been our policy to institute au adequate-sized tracheotomy at the time of com¬ 
pletion of the pneumonectomy. Thi.s wa.s done in order to allow immediate 
access to the tracheobronchial .secretions. It was also felt that the presence of a 
tracheotomy might dccrea.se the pre.s,snrc upon the .siitiu-o line produced by 
■strenuous coughing against a clo.sed glottis. It is still our policy to carry out 
this routine traeheotom.v with this procedure, and this was done in a sixth 
patient opei'ated upon one month ago in whom a glass artificial tiachea was 
again utilized (Fig. 16). 

Tiie actual salvage which may he derived from the application of this 
procedure to advanced right upper lobe carcinoma cannot as yet he evaluated. 
The first patient ])resented evidence of metastatic disease involving the upper 
portion of the right femur nine months following surgery, hut is still alive 
with the disease at this time. The second and third patients were alive and 
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subcutaneous tissues. A bronchoscope was therefore inserted, noting marked 
kinking and oljstruction of tlie trachea at the .iuncture of the trachea and the 
left main-stem bronclius on its left latex'al wall. The patient experienced no 
difficulty as long as the bronchoscope was maintained in place but severe 
symptoms of anoxia immediately presented as soon as the bronchoscope was 
withdrawn u]x into the trachea. Finally a fii’m compression type of dre.ssing 
was placed over the right chest and po.sitive pressure pneumothorax instituted, 
allowing withdraAval of the bronchoscope and maintenance of an adequate air- 
Avay. This patient Avas found to liaA'e both active tuberculosis and carcinoma 
in the removed right lung. A complete resection of mediastinal nodes Avas 
performed at the time of surgery and all these glands Avere found to be in¬ 
volved b.A^ metastatic disease. The patient had a stormy postoperative course, 
and finally appeared to be progressing aa'cII tAvo months folloAAung operation 
AAdien he developed signs of a transver.se myelitis and died tAvo Aveeks later. 
Autopsy revealed satisfactory healing of the repaired tracheobronchial juncture, 
no evidence of persistent malignant disease Avithin the thorax. Very extensiA-e 
metastatic disease Avas found about the entire thoracic portion of the spinal 
cord as aa’cII as diffuse metastatic lesions thi-onghout the liver and peritoneal 
cavit5U 

The fifth patient (Figs. 14 and 15) in Avhom this type of procedure Avas 
carried out presented extremely extensiA'c disease involving the carina and right 
lateral tracheal AAmll, Avith the apparent site of origin of the bronchiogenic car¬ 
cinoma in the right xipper lohe orifice. At the time of surgery it aa^s found 
necessary to remoA’e extremely extensive portions of the tracheal A\mll, the 
carina, and one inch of the medial AAmll of the left main-stem bronchus. At¬ 
tempts at repositioning of the trachea and left main-stem bronchus Avere not 
possible, so that it A\ms necessary to construct an artificial trachea out of a 
pi’eAdously constructed glass tube. This aa'us ])laced Avith special attention not 
to alloAV the loAver portion of the tube to occhide the left vipper lobe orifice In 
its left loAAmr lateral surface. This artificial trachea Avas then surrounded l)y a 
large pleural graft. The postoperatiA’e coui’se of this patient did not present the 
difficulties associated Avith right lateral displacement of the mediastinum as 
had been noted AA-ith the reconstructed tracheobronchial junctures in AA'liich no 
foreign body Avas utilized. HoAvever, this patient in Avhom a glass tube had been 
utilized in order to reconstruct the trachea presented considerable difficulties 
Avith excessive secretions and it Avas extremely difficult to control the resultant 
pneumonitis in the left lung. Despite the pre.sence of a largo tracheotomy, it Avas 
difficult to maintain adequate aeration and a clear aii’Avay. The patient e- 
Amloped an empyema in the right pleural cavity. No evidence of tracheopleura^ 
or bronchopleural fistula Avas present. The patient died tAventy days folloAVing 
operation and at autopsA' small areas of chronic pneumonitis Avere found 
left lung, but felt not adequate in amount to explain the patient’s death. le 
pleural graft Avas found to be intact, and the glass tube had maintained a oOO 
position. There aa^s a definite superficial necrosis of the bronchial mucosa 
points in AAdiich the glass tube had been in contact. The empyema in the iio 
pleural cavity appeared to be under control. No evidence of persistent cat 
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Cei'taiuly some patients in wliom the disoaso is found at this stnffo may 
liavc asymptomatic extension of tlic neoplastie pi'occss to the liver or other 
silent areas. Also, there will he a definite pereentase of patients presenting: 
this syndrome in whom the lesion may prove inopcrahlc at the. time of explora¬ 
tion. Fnrtlierinore, it is hoiied that with the increasingly early diagnosis of 
primary carcinoma of the lung, that c.xtcn.sion upon the tracheal wall, or to the 
Carina, will ho less fretiuently seen, flcrtainly the procedure appears .instified 
in the presence of a so-called hronehial adenoma, in which case it is potentially 
curative. Whether or not true primary eareinoma can he salvaged in this matter 
awaits further clinical ohscrvntion and trial. In our opinion, definite palliative 
honefit is ohtainahlc in this type of lc,sion. 

The ohstrnetivo iiotential to the lumen of the ainvay, inherent upon the 
cartilage on the lateral aspect at the .iuncturc of the trachea and left main- 
stem bronchus has been strongly demonstrated in our experience. It is hoped 
that experimental investigation will allow a satisfactory operative maneuver 
directly upon this cartilage to eradicate this complication. Until such time that 
this maneuver is obtained, extreme attention must be paid to maintaining the 
mediastinal contents .slightly to the left of midline following this type of radical 
right pneumonectomy. Certainly it may be assumed, in view of the dramatic 
experimental work of Daniel relative to the construction of an artificial trachea, 
that the most satisfaetoiy reconstruction of the ti'acheolironehial pathway 
should ultimately utilize his method. 

CON'CLUSIONS 

1. A Rurvery of the literature as well as the author’s personal cases, still 
reveals that satisfactory early diagnosis of primary hronchiogonic carcinoma 
has not yet been obtained in most cases. 

2. Pi’imary brouehiogenic carcinoma is frequently found to arise in an 
upper lobe, as manifested by the finding of 51 primary upper lobe lesions in 
our personal group of 112 patients with this diagnosis. 

3. It is felt that pi-imary upper lobe carcinoma tends to present symptoms 
in a later stage of disease, due to a lesser inherent tendency to infection than 
that which occurs in lesions primary in the loAver lobes. 

4. Primary upper lobe tumors frequently achier-e delayed filial diagnosis, 
due to confusion of disease arising in this area with pulmonary tuberculosis. 

5. A survey of our own poreonal cases and those at the Barnes Ilosiiital, 
St. Louis, reveals a much higher percentage of lesions discovered in an in¬ 
operable stage when the tumor arises in an up])er lobe. The most frequently 
inoperable lesion found is that arising in the right upper lobe. This is felt 
due to: (a) the immediate proximity of the superior vena cava and (li) the 
ease with which this lesion may involve the ti'aelieal wall and carina. Diodrast 
outlining of the superior vena cava shoidd be used prior to e.xploration of any 
right upper lobe tumor. 

6. The author has presented a method which is felt ap])licable to neoplastie 
lesions arising in the right upper lobe area which seems to allow an extension 
of the indications for rcseetiliility. 



920 


THE JOURNAL OF THORACIC SURGERY 


apparently well, witliout evidence of recurrence of disease eight and nine 
months following operation. The forth patient died due to metastatic disease 
two and one-half months following surgery. The fifth patient, in whom a glass 
tube was used for tracheal reconstruction, died on the twentieth postoperative 
day. The six patient was still within the first month of the postoperative 
course. Therefore, at the time of this writing two of the six oiiei'ated patients 
have died. It is felt that the jiatient in whom the primai’y disease was a 
bronchial adenoma in which malignant degeneration had occurred has prohably 
the best chance for eradication of the disease. Both this patient and the one 
with associated megacolon have been able to rasume their preoperative occupa¬ 
tions and have existed considerably longer, with much greater comfort, than 
other patients whom we have seen with carcinomatous involvement of the 
trachea and carina. 



Fig. 10 (.T. E. Al'.).—A, x-ray .‘stuilie.s before radical right P"®“"’07v»*°dSprt^fono"vi^ 
presented exten.sion into trachea and left main-stem bronchus. i.Iassne defec 
resection spanned by use of a glass tube and pleural graft. nost- 

B, X-ray studies after radical right pneumonectomy. Glass tube is visible on i 
operative film. 

Despite the use of irradiation, palliative repeated lironchoscopic extiipatio^ 
of obstructing tumor tissue and nitrogen-mustard therapy, the majoii j 
patients whom we have seen with carcinoma involving the carina hat e i 
within two months following making of the diagnosis, with the longest siu'i 
time being six and three-fourths months. 

Despite attempts at palliation by the usual conservative ineasuies, 

Avith tracheal and/or carinal extensions of carcinoma rarely, if e\ei, ^ jj 
useful socio-economic status. In fact, they routinely folloAV a 
course of painful invalidism and progressiA'c dyspnea. The rehabi ita ^ 
in four of the six patients to date Avould appear to .justify fully t ns pioce 




PIIRICNIC NKRVE PARALYSIS 

Sl'KCIAl, CONSlDKIiATION- OF TIIK ACCI»S0RA' PllHKNlC Ne1!VK 

AViNFii;t.i) O. Kellev, M.D., F.A.C.S. 

Nohwicii, Cons. 

I T HAS .scemod iii)i)ropi'iatc to make a cai'efu! study of tlic ])lireiiic and acces¬ 
sory i)hrcnie nerve rolatioiisliips kecausc of the fact that plirenic operatioirs 
arc employed quite extensively in ti'enting certain type.s of pulmonaiy tubercu¬ 
losis and because there is .some lack of unanimity eoucerning the prevalence of 
accessory phrenic nerves. 

idany authons have rei)orted statistics on the incidence of accessoiy phrenic 
nerves found on cadaver di.sseetions or at operation. Decker,' in dissections on 
seventy-two cadavers, found accessory nerves in 30 per cent, while at operation 
ho was able to locate accessory phrenic nerves in only 15 per cent. Greenfield 
and Curtis' reported 24.4 per cent acec.ssory nerves in 119 phrenic operations. 
Felix' stated that the accessoiy phrenic nerve frequency was between 20 and 30 
per cent. SauerbruclP found accessory nerves in 37.S per cent. Ruhemann,' 
in dissections of seventeen cadavers, found accessory phrenic nerves in more 
than 50 per cent. Fisher" reported ncec.ssory nerves in 60 per cent of thirty-six 
0 ])orations. Ayeoek and Ilabliston’ found accessory nerves entering the main 
phrenic nerve below the usual site of operation in 65 ])cr cent of 130 cadavers. 
Goetze,® in dissections of twenty-five phrenic ncn’cs on thirteen cadavers, found 
that phrcnicotoiuy alone would have been unsueccssful in producing paralysis 
in 68 per cent. Alexander'’ estimated that “one or more accessoiy roots (some 
of which were jirobably the nerve to the subclavius) have been found in 99 per 
cent of the initial phrenic operations” in his clinic. 

In order to arrive at an accurate conclusion concerning the prevalence of 
aeces.sory phrenic nerves, it has been necessary to decide upon certain criteria 
which could bo applied to the eases studied. There is practically never any 
question concerning the identity of the main phrenic nerve. This can usually 
be confirmed by the production of a diaphragmatic movement upon stimulation. 
If two main phrenic trunks are found to course downward along the anterior 
scalene muscle, neither one of these is classified as an accessory nerve. When 
stimulation of another nerve produces a definite diaphragmatic response, this 
nerve is considered to bo an aeceasory phrenic nerve. When the main phrenic 
nerve has been paralyzed at operation and the ipsilateral hemidiaphragm con¬ 
tinues to move, it is assumed that an acce.ssory nerve exists. If, after that nerve 
has been located and severed, the diaphragm ceases to move normally, that is 
also conclusive proof of the existence of an accessory phrenic nerve. These 
criteria were used in the collection of statistics in this jiaper. 

Two series of consecutive cases were studied, one of which was collected 
in Saranac Lake, N. Y. Sept. 14, 1944 to April IS, 1946, and the other in the 

Prom State Tuberculosis Sanatoiia of Connecticut. 

Read (by title) at tbe Twcuty-eiKbtli Annual Meeting of The American Association for 
Thoracic Surgerj*. Quebec, Canada, iVlas* 31, June 1, 2. 19IS. . 
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7. It is felt that this technique of resection sliould lie utilized not only in 
patients in whom there is visible extension of tumor upon the tracheal wall and 
Carina, but also in order to allow resection of an adequate margin of tissue 
proximal to carcinoma primary in the upper lobe bronchus. This .should in¬ 
crease the potential cure rate. 

8. The use of stabilization sutures has in our experience eradicated all of 
the dangers previously considered inherent upon the “open bronchial stump.” 
With these sutures a defect 9 hj’^ 3 cm. in the lateral tracheohronehial wall 
has been left open without delivering oxygen or positive pressure to the remain¬ 
ing lung for a thirty-two minute interval without producing severe anoxia. 

9. Experiences with the application of this procedure in six human patients 
are described, four in whom primary plastic reconstruction has been carried 
out. In two patients an artificial gla.ss trachea was utilized. Certain compli¬ 
cations attendant to this type of procedure are described in detail, as well as 
the methods utilized to counteract them. 

10. It is felt that when no firm artificial support is utilized in this type of 
procedure, that constant attention must he given toward maintenance of the 
mediastinal .structures slightly to the left of the midline. This may he main¬ 
tained during the immediate postoperative period by the injection of air within 
the right pleural cavity, but soon requires a less comprc.ssihle and more slowly 
absorbed .substance such as plasma. The author has hesitated to utilize foreign 
bodies within the right pleural cavity such as Lncitc balls, for fear of pressure 
erosion upon the suture line, or compression on the newly i-econstructed airway. 

11. It appears in patients in whom this procedure has been performed, 
that displacement of the mediastinum toward the right may produce acute or 
chronic gastric dilatation with pyloric obstruction. Correction of this compli¬ 
cation has been achieved only by satisfactory reposition of the media.stinal 
contents. The mechanism of this I’cflex is not at present understood but does 
not appear to be produced by impulses carried by or produced through dis¬ 
turbance of the vagus nerves. 
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along the lateral Ijortlcr of the. anterior scalene imi.scle, a portion of the brachial 
plexii.s can he exposed as it courses domiward and sonic\rhat laterally beneath 
the clavicle. The accessory i)hrenic nerve can he found as it leaves the fifth 
root of the plexus and proceeds downward and somewhat medially. This may 
occur at a rather low level so that it is sometimes necessary to retract the 



Fjg. 1 .—Phrenic ring placed at the left upper corner of openvtlng table for right phrenic 
operation. Bins' measures 10 .r» Inches In dla»netcr. Ti-an.sverso biu' extends 3 Indies beyond 
ring, and vertical bar Is 18 Inches In length. 



Fig. 2.—Patient and ring in place for right phrenic operation. Head Is turned to left .side 
and neck is supported by a .small pillou'. 

iirachial plexus hy gently grasping its sheath with a fine hemostat and lifting 
upward (Fig. 5). The aece.ssory phrenic nerve will bo found often to braneli in 
the form of a “Y.” The lateral branch is the nerve to the subelavius muscle, and 
the medial branch is the typical acce-ssory phrenic nerve which eventuallj- joins 
the main phrejiic trunk in the chc.st a few centimeters below the level of the 
clavicle. A portion of this branching nerve, foi' a distance of about 1 cm., is 
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Connecticut State Tuberculosis Sanatoria, July 25, 1946 to June 5, 1947. All 
patients liacl at least one pbrenie operation, and several repeat paralyses were 
performed. Some jiatients had the primary o]ieration performed by another 
suro-eon. If an accessory pbrenie nerve were found on the next operation (by 
the author), such eases were included in this series. 

In the entire series of 309 eases, thei’e was conclusive proof of the e.xistencc 
of at least one accessory phrenic nerve in 75.7 per cent. It should be noted that 
another nerve in addition to the main phrenic nerve was found in 99.2 per cent. 
There is a definite possibility that some accessory' phrenic nerves are so small 
that the impulses carried by' them to the diaphragm are too weak to be detected 
by the operator. It is conceivable that these nerve.s, if allowed to remain 
intact, could gain sufficient power lo cause the diaphragm to function quite well 
after a ])eriod of a few weeks or months, hlany limes a branching nerve was 
located. If no diaphi’agmatie i-es])on.se ivas noted ujion .stimulation of this 
nerve, it was not classified as a definite accessory' nerve. It seems fair, however, 
to call this ]iresumptive evidence of an aeee.s.sory ])hrenie nerve. There are many 
anatomic dissections’’ to show that the ncr\'e to the subelavins muscle give.s 
off a medial branch which joins the phrenic nerve. If these cases arc included, 
the percentage increases from 75.7 to S0.9 per cent. 

Because of the fact that there is occasionally some difficulty in locating the 
accessory phrenic nerve at operation, it seems apiiropriate to stress some .specific 
points in technique which have proved to be of considerable practical impor¬ 
tance. The patient is placed in the supine jiosition with the head turned away 
from the side of operation. A .small pad is placed under the back of the neck. 
It is most important to have a good view of the anatomic structures posterior 
to the elaviele. In order to obtain sucli a view, the operator must be able to 
stand at the upper end of the operating, table and gaze downward into the 
depths of the incision. The regulation-type anesthesia screen, which is placed 
ordinarily over the jiatient’s head before draping, is unsatisfactor, because it 
interferes with this view. A siiccial ])iece of apparatus (Fig. 1) has been devised 
■which holds tlie drapes away' from the patient’s licad and also gives the surgeon 
adequate room in -which to woi’k. This consists of a metal ring held in a 
horizontal position just above the patient’s head by' an upright bar which is 
tastened to the cox’iier of the operating table. The iiosition of the drapes is 
illustrated in the accompanying i>hotograph.s (Figs. 2, 3, and 4). The usual 
phrenic incision is made parallel to and about 2 cm. above the clavicle just 
lateral to the clavicular portion of the sternocleidomastoid muscle. After sevei- 
ing a few of the platysma muscle fibers, the sternocleidomastoid muscle is 
retracted medially to expose the layer of fatty tissue directly over the^ antenoi 
scalene muscle. This tissue is separated easily', and the phrenic nerve is almost 
invariably located at this level just as it crosses the anterior surface of tie 
anterior scalene muscle. The sheatli (of prevertcbral fascia) is incised foi a 
very' short distance so that the nerve can be isolated, infiltrated with Novocain, 
and crushed. It is advisable to explore the anterior and medial aspects o t m 
anterior scalene muscle for a second phrenic trunk. The operator then s ii s 
his position from the side to the head of the operating table. By blunt dissection 
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most of fiicso instances, nnotlier small accessory phrenic nerve will he found 
extending medially from the hrachial plexus at a very low level beneath the 
clavicle. 

There i.s some lack of agreement coneerniiiK the proiier method to be used 
in tcstiiifr for and determination of complete paral.vsis of the hemidiaphragm. 
Some authov.s= (Greenfield and Curtis) stated that, “The best method which wo 
have found for demonstrating a .successful paralysis of the hemidiaphragiu is 
the ‘.sniff test.’ ” Alexander" stated that, “Hifzenberg’s sniffing te.st is simple 
and especially useful.” However, he continued, “When the patient sniffs sud¬ 
denly and deeply a paralyzed, or even an incompletely paral 3 ’zed, hemidia- 
phragm is seen to undergo pronounced paradoxical movement.” A positive 
“.sniff test” indicates, therefore, that the affected leaf of the diaphragm is 
weaUcr than the ojiposite or normal side. Even though paradoxical motion is 



Fig. {j.—^Tlie right phrenic and accessory plirciiic nerve viewed from above. The accessory 
nerve has been retracted upward by mean.'* of a hemostat. The medial branch extends down- 
\ward beneath the clavicle to Join the phrenic nerve, and the lateral branch Is the nerve to the 
subclavius muscle. 

noted on sniffing, anotlier test is ncces-saiy to determine the presence or absence 
of complete paralj'sis. The most satisfactory test is performed as follows: The 
patient is asked to inhale dee])ly while the oiiserver presses Ids two bauds 
against the lower lateral poi’tions of the ribs and watches the diaphragm 
fluoroscopicaIl,y. A paral.vzed hemidiaphragm will not move downward during 
this maneuver. If pressure is not exerted against the ribs, a co.stal breather 
maj- cause the ribs to flare suffleienth' to irroducc a slight downward motion of 
a paralyzed diaphragm. If the diapliragm descends oven slighfl.v wlien tlie ribs 
arc held in a fixed position, one should he strongly suspicious of a fnnetioning 
accessory phrenic nerve in spite of the fact that there is paradoxical motion 
during tlie “sniff test.” On several occasions, patients with tliese findings have 
been returned to the operating room and another accessorv plirenic nerve lias 
been located. Subsecpient fluoroscopy almost invariahl.v lias shown eomplete 
paralysis of tlie liemidiaphragm with the deep-hreathing, rih-holding test. 
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excised. Other accessory nerve fibers may be found at a higlier or lower level. 
These are excised also so that it will not be necessary to explore this portion of 
the neck at a subseciuent operation. A great variety of phrenic and accessory 
phrenic nerve relationships has lieen described by several authors. No attempt 
will be made to review this literature.*' ** 



Fig. 3.—Drapes in place for rlglit plirenic operation. The first tliree towels are placed to 
leave a triangular opening above the right clavicle. The fourth towel is draped across the ring 
over patient’s head. Tiiis arrangement makes it po.ssible for operator to stand above patient s 
head and iook downward into incision. 



Fig. 4.—View from left side of table shows ample room for exchange of an. 

After closure of the incision, the patient is taken immediately to tl^^ 
fluoroscopic room. If the leaf of the diaphragm on the side of opeiation^^^ 
found to be moving, a re-exploration of the neck is carried out at once. 






TILECTROPIIRENIC RESPIRATION 
IV. Ttiu Eitkctivunkss or Co.vtu.m-atkrai, Vkn'tii-ation During Activity oi-' 
One Phrenic Nerit, 

Staneev .1. Sarnoi'I’, J[.D.. EmvAiin A. Gaenseer, iM.D.,* and 
•Iajiks \’. Maeoney, Jr., JI.D. 

Boston, Ma!4s. 

I T riAS lieoii (lomoiisli-nted that the application of a cyclically undulating 
cloctrical potential to one iilirenic nerve jirodiice.s effective artificial respira¬ 
tion in the dog, cat, rat, monkey, rabbit, and man. Tlie arterial oxygon and 
carbon dioxide levels could be maintained within normal limits bj' this method.'"' 
Complete control of the rate and dc|)th of rcsjiiration could ho maintained 
.since, during elcetrophrenic rc.s|>iration, motor activity of the respiratory center 
is suppressed.^’' The mcehani.sm of this rcspiratoi-j' suppression is largely vagal. 

The fact that normal arterial oxygen levels could be maintained Muth the 
stimulation of only one phrenic nerve led to the assumption that one of two 
events was occurring in the contralateral lung during unilateral phrenic stimula¬ 
tion. Either the blood vessels of the contralateral lung, on which side the 
plirenio nerve was not being stiimilated, were intensely constricted, thus shunt¬ 
ing blood through the ipsilatcral aerated lung, or, as seemed more likely, the 
contralateral lung was also being aerated. Jacobeus’-' technique of differential 
bronchospirometry, whereby the relative ventilation of the right and left lung 
could bo accurately determined, offered the most direct means of determining 
how inuoh contralateral aeration was occurring during unilateral phrenic 
stimulation. 

In previous communications concerning elcctrophrenio respiration, only 
those experiments were described in which nerve stimulation was accomplished 
by direct contact between the electrode and nerve. More recently, it has been 
found possible to produce electrophrcnlc respiration in man by placing the 
stimulating electrode on the skin directly over the motor point of the phrenic 
nerve just as it crosses the lateral ridge of the scalenus anticus muscle. The 
characteristics and results of elcetrophrenic respiration produced by external 
stimulation are the same as those obtained with the direct contact technique.'’ 

METHOD 

After ancstlietization of tlie traciicobronehial tree with 0.25 per cent 
pontocaine, a hronchospiroinetrie catlictor of the type devised by Zavod' was 
introduced and the tip placed in tiie left niain-stom bronchus under direct 
fluoroscopic control before inflating the retaining cuffs. The position of the 
bronchial catlietcr was checked by fluoroscopy and spot films during and after 
the procedure. The air spaces of the right and left lungs were tlien connected to 
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It is not tlie purpose of this paper to evaluate the benefits of plirenic nerve 
paralysis in pulmonaiy tuherculosis. Many authors"’have shown sta¬ 
tistically that certain varieties of the disease improve more rapidly mth a 
paralyzed diaphragm so that the phrenic operation has been widely accepted as 
a helpful procedure. 


CONCLUSIONS 

1. The importance of finding- the phrenic accessory nerve in order to pro¬ 
duce complete paralysis of the hemidinphragm is discu.ssed. 

2. A series of 309 cases is presented in which the incidence of accessory 
phrenic nerves (75.7 per cent) is greater than that reported by most authors. 

3. Details of technique of the ])hrenic operation ai’c discussed with emphasis 
on aids to facilitate the location of aeee.ssory phrenic nerves. 

4. An apparatus to provide better exposure of the field of operation is 
descrilied and illustrated. 

5. An accurate method of testing for complete paralysis of the hemidia- 
phragm is described. 
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performed dtiriiii' oleclroiihreiiie respiration demonstrated that tliis scfpicnce 
of diaphragmatie. and mediastinal motions observed in Pig. 1 oeciiiTed under 
the experimental conditions described iireviously. 

Differential bronchospirometry tracings were obtained twenty-one times 
during electroi)hrenie respiration and spontaneous respiration in seven subjects. 
The tracings were all suitable for the determination of differential ventilation. 
Nine tracings were talten for a suflieient length of time to be adequate for 
determinations of oxygen eonsnmiition. 



The results are listed in Table I. During clcctrophrenic respiration by 
means of unilateral phrenic stimulation, the contralateral lung was always ade¬ 
quately ventilated. At a rate close to that of the patient’s spontaneous rate, 
clectrophrenic respiration produced relative ventilation of both lungs not 
significantly different from the relative ventilation observed during .spontaneous 
respiration (Patients J. P. and R.). As the rate was increased, the pro¬ 
portion of the total ventilation performed by the contralateral lung sometimes 
decreased (Patients J. P., \V. R., J. M., and M. J!.). The magnitude of this 
change, however, was never striking. The dccrea.se in percentage ventilation of 
the contralateral lung never exceeded 12 per cent of the total at elcctrophrenic 
rates up to twice the .spontaneous rate. This was true despite the fact that, in 
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a C4ebauer twin spirometer which recorded on moving paper. In snlisecjnent 
illustrations, the upper tracing represents the ventilation of the right lung, the 
lower tracing that of the left lung. 

Four patients with minimal tuberculosis, two with moderately advanced 
disease, and one normal volunteer were studied by differential bronehospirometry 
in respect to a comparison of eleetrophrenic respiration and spontaneous respira¬ 
tion. These patients were found to have normal or almost normal combined 
ventilatory function as established by maximal breathing capacity, vital capacity, 
walking ventilation, and spirometry. After several minutes of spontaneous 
respiration, during which time the rate, differential tidal volumes, and oxygen 
uptake of the two lungs were obtained, electroplirenic respiration was started. 
Tidal volumes, rate, and oxygen uptake from the two lungs were thus recorded 
during eleetrophrenic respiration and comparison made with the spontaneous 
values. Direct observation and, from time to time, fluoroscopic observation 
were used to be certain of tlie absence of .spontaneous respiratory effort. 



A. 


B. 


Pig. 1.—Roentgenogram of cliest during eleetrophrenic respiration 
the right phrenic nerve; A, during the resting phase of expiration; B, 

tion. Note the pronounced descent of the right diaphragm, slight elevation of the left cliap.i b 
and shift of the mediastinum to the right. 


Serial ehe.st films were taken in rapid .succession on one of us (S. J- S.) 
during several full cycles of eleetrophrenic respiration in order to demonstiaic 
the changes in the position of the right and left sides of the diaphragm as wc 
as the mediastinum during eleetrophrenic I'espiration (Fig. !)■ 

RESULT.S 

Fig. 1 illustrates the effect of right-sided eleetrophrenic respiration on the 
position of the right and left sides of the diaphragm and on the mediastinum. 
During inspiration the right side of the diaphragm descends, the mediastimmi 
shifts to the right, and the left side of the diaphragm is slightly elevate . 
tAvo roentgenograms shoAvn in Fig. 1 were made in rapid succession. Fluoioscop 
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evorj’ ense, the iiiiiiutc veiitiliition diiriiif; eIccfi-o])lirenic vcspirntioii Avas ap¬ 
preciably in excess oC that diiriiiR spontaneous resiiiration. In no case did the 
percontaf'c decrease of contralateral Inng ventilation diminish more than IG 
])or cent of the total, oven at exceedingly rapid rates. 

Figs. 2 and 3 show recordings of differential ventilation obtained during 
spontaneous and tlien electroiihrenic respiration. 
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.riB. 3.—Dlfterontlal troncliosplromctiT durmc spontaneous .and right eleclroplirenlc res- 
pimtion at varying rates, Patient W. R. In Table I. Spontaneous respiration followed by 
EPB at rate of 31 per minute, 20 iier minute, and tt per minute. The last segment Is again 
spontaneous respiration. Note the similarity of tlic illfterentlol ventilation during spontaneous 
and olectrophrenlc respiration. 


DISCUSSION 

The preceding data resolve the question of the mechanism whereby uni¬ 
lateral stimulation results in normal arterial oxygen saturation during electro- 
plirenic respiration. It is clear that bilateral piilmoiiarj’ ventilation occiir.s. It 
has previously been demonstrated that, within a few seconds after the onset of 
cleetrophreuie respiration, spontaneous respiratory effort ceases.’' ‘ In addition 
to published data on this point, data are available from animal experiments in 
which action potentials were recorded from tlie unstiniulated side of tlie dia- 
pliragm and intercostal imiselcs before and during right-sided eleetroplircnic 
respiration. They sliowcd tliat all respiratory motor impulses ceased during 
eleetrophrenic respiration.’ This being the ca.se, tlie ventilation of the contra¬ 
lateral lung must, in some way, be related to the motion of the ipsilatcral (stimu¬ 
lated) diaphragm. Tlie stimulated side of the diaphragm descends and expands 
the lung on that side; the media.stinum shifts toivard the stimulated side in re¬ 
sponse to differentially created negative intrapleural pre.s.siirc, tluis expanding 












Unii.ateual (Right) Electrophrenic Respiration 
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2. Tlu' iiioelianism wliieli avc hold resiwnsihle for the A'ontilation of the 
hiiijt oil the iionstiirmlnted side is niodiastimil shift. Tliis can he demonstrated 
hy flnoro.sco|)y or serial rocntsreno"ranis Avitli and without tlic olistrncting 
catheter in situ (Fig. 1). 

3. The rise of tlie functional residual air from the resting base line (or 
inideaiiacity) which ocenrs Avhen one diaphragm is stimulated at a much higher 
than resting rate occurs ou both sides to an equal or almost equal extent. This 
illustrates not only that .stenosis effects do not greatly, if at all, favor the 
stimulated side, hut also that the force which causes an inrush of air into the 
lun,g.s is equally applied to both sides, or almost so (Fig. 3). 

Phrenic Nerve Interruption .—The fact that the mediastinum can sudiig 
sufficiently to maintain normal ventilation of the lung opposite to the stimulated 
side is of gi’Cat intci'c.st since eleetrophrcnie stimulation is used as a means of 
artificial respiration. It is further of interest in connection with the inter¬ 
ruption of the phrenic nerve to jirovidc pulmonary colla]ise and “rest” in the 
treatment of tuberculosis. 

In order to ro-evaluate anj- benefit of such an operation in the light of the 
above data, it is first necessary to attempt to define pulmonary collapse and 
“rest.” Because of the ever-recurring confusion in the literature, it must he 
pointed out that eollapse and rest arc not synonymous. Collapse therapy is 
usually defined as any procedure which will cause a reduction in lung volume. 
“Rest” implies “functional elimination” or reduction in the share of Avork, 
for example, A-entilation which the lung is called upon to perform. Which of 
those factors play a dominant role in the therapeutic effect varies with the type 
of treatment. Thus the often dramatic improvement Avhioh follows a period of 
bed rest is due, only to .some extent, to collapse following the reduction in 
lung volume incident to the horizontal position of the body. Rest here ap¬ 
pears to ])lay a major role. In certain other situations rest enters the picture 
only to a very small extent, if at all. Pneumothorax induced on an only re¬ 
maining lung following contralateral pneumoneetomy or pneumoperitoneum 
with equal bilateral rise of the diaphragms are cases in point. 

There appears to be no question that unilateral phrenic nerve interruption 
causes a degree of coliapse or reduction in lung volume, iileasurement on 
corpses has shoAvn a decrease of 15 to 30 per cent of the volume of the involved 
hemithorax following phrenic nerve interruption.” Lindskog and Friedman’” 
.studied lung A'olumes in seven cases before and after temporary phrenic nei-ve 
interruption. They Avere able to .shoAv an aA'erage reduction of about 10 per cent 
of the functional residual air after operation. There appears to be less agree¬ 
ment of the effect of diaphragmatic paralysis on vital capacity and maximum 
breathing capacity. While Gaubatz" and Ruttgers and Smilovits’” reported 
reduction in these values of as much as 30 per cent. Warring,” AVright,” and 
Wi’ight and AVoodruff’” found little or no alterations in maximum bi-eathing 
cajiacity and vital capacity folloAA'ing this operation. In nine jiatienls studied 
before and fom-teen days after phrenemphraxis Ave found a mean reduction 
of 10 per cent of maximum breathing capacity and 16 per cent of vital ca¬ 
pacity.’” Tavo A'ariables make eompari.son of such studies difficult. The first 
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the contralateral lung, almost to the same degree as the lung on the sliinulated 
side. The uncontractcd contralateral leaf of the diaphragm is elevated slightly, 
its ascent probably being limited in part by its continuity with the contracted 
side of the diaphragm through the central tendon. 

Tracings in Figs. 2 and 3 and the data in Table I demonstrate that the 
differential tidal volume percentages and oxygen consumption of the lung on the 
unstimulated side during electrophrenic respiration approach the values ob¬ 
tained during spontaneous respiration. 

Stenosis Breathing .—Because of the very special circumstances surround¬ 
ing the bronchospirometric technique, conclusions arrived at hy this method are 
limited in two respects. First, the patient is not under basal conditions and 
thus vsuecessive data obtained are not always comparable as to their absolute 
values. The relative percentage which each lung contributes to the total per¬ 
formance does, however, remain the same in the absence of unilateral inter¬ 
ference with pulmonary function. Any change or lack of change in these 
relative percentages is thus significant. With the exception of minute ventila¬ 
tion, only such relative data liave been re])oi‘ted herein and conclusions drawn 
pertain only to them. Second, because the bronchospirometric catheter has to 
contain within its envelope four sejiarate lumina—two for the airways and two 
for the inflatable cuffs—and still must be small enough to pass into the trachea 
without injury to the vocal cords, a certain amount of stenosis breathing 
cannot be avoided. This effect is small or negligible at resting minute volumes 
but becomes so large at high air flow A’elocities that ratios of maximal ventilatory 
efforts obtained by this method are of little value. The present data might 
thus be questioned in that electrophrenic stimulation may create greater than 
resting air flow velocities. However, by this method, diaphragmatic motion can 
be controlled both in extent and in rate to such a degree that tlie spontaneous 
resting minute volume and re.sting respiratory rate can be closely simulated 
(Table I and Fig. 2). Sevei-al of our tracings illustrate the fact that only when 
the diaphragm is stimulated to exchange mucli larger than spontaneous volumes 
of air at several times the re.sting rate docs the effect of steno.sis breathing be¬ 
come apparent in some instances. The passive contractile force of the lungs and 
thorax is then unable to expel the entire volume of air which was forcibly 
introduced during inspiration by the powerful action of the diaphragm. Tlie 
functional residual air thus increases but upon return to electrically controlled 
slower rates or spontaneous respiration it promptly returns to its former value 
(Fig. 3). Additional evidence can be presented that stenosis bi’eathing effects 
do not invalidate results reported at or near resting lespiratory rates and resting 
minute volumes; 

1. In all eases presented the percentage of minute volume which each lung 
contributes with unilateral electrophrenic stimulation is equal or nearly equa 
to the spontaneous ratio at resting or near resting minute volumes. Only when 
the rate and minute volumes are much larger than the spontaneous one does 
the ratio of ventilation shift somewhat in favor of the stimulated side. It is 
exactly under these conditions that stenosis breathing begins to play a aisC 
role. 



SAKN'Ol'F KT AL.l KLKCTIlorilKENIC KKSI’IIIATION 


937 


Durinjr tins procedure it ■\vns found that ventilation of the contralateral as -well 
as the ipsiiaternl lun^ occurred as determined hy dift’ereutial hronehospirometry. 

2. This is caused hy the sliift of the mediastinum to the stimulated side 
thus causiuf^ the expansion of the contralateral luu'r. This is followed hy a 
slight elevation of the unstimulated side of the diaphragm. 

3. These data suggest that the therapeutic henefit from phrenic nerve 
interruption, if any, results primarily fi'om partial pareneliymal collapse rather 
than from decreased ventilation (rest). 
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is the extent of denervation of Ihe diaphragm since accessory nerves arc oc¬ 
casionally. overlooked even if they are diligently sought. The second is the 
time elapsed het.ween nerve intcrrnption and ventilatory tests. Studies of 
others and our own arc in agreement that any reduction in pulmonary volumes 
and breathing capacities, if they occur, return to the preoperative values long- 
before diaphragmatic motion returns. A far better evaluation of reduction 
in lung volume might be obtained by the bronchospirometrie technique employed 
before and after operation. No such reports have appeared in the literature. 
The well-known difficulties of reliable residual air determinations together witli 
the problems involved in broncho.spirometry may account for this. We have 
been succ&ssful in this attempt in only two cases. In both there was a satis¬ 
factory rise in the diaphragm in the treatment of minimal disease. In one, the 
lung volume on the phrenicectomized side was decreased 17 per cent four weeks 
after operation, and in the other, 11 per cent two weeks after operation.’® 

No factual evidence has been reported in the literature concerning the 
degree of rest which diaphragmatic paralysis affords. Even co-authors of the 
same book disagree on this point. While Pinner’’ felt that the factor of rest 
is slight because of compensatory increase in lateral expansion of the chest and 
increased motion of the upiier ribs, Alexander’’ was “strongly of the opinion 
that pai'alj’sis of a freely moving diaphragm greatly rests the lung.” In 
evidence he cited ca.ses where clinical improvement was evident following 
phrenic paralysis in the absence of elevation of the diaphragm. The only 
adeijuate way to demonstrate a relative decrease in ventilation and blood flow 
of the lung on the denei'vatcd side is bronchospirometrie evaluation. In nine 
cases studied by us and cited previoasly, the relative ventilation changed only 
3 per cent after operation.’" In the absence of hypoxia it can also be presumed 
that there was no change in relative blood flow. 

The present studies with electrophrenie respiration not onlj^ support the 
preceding findings but also offer an explanation for them, namel.y compensatory 
ventilation by mediastinal swing. At respiratory volumes and rates approximat¬ 
ing those of the resting state, the mediastinum has been shown to provide a 
normal relative ventilation and oxygen consumption for the lung in the absence 
not only of diaphragmatic action but also of intercostal activity. Phrenic 
interruption maj- cause a certain amount of collapse or reduction in lung 
volume thus relaxing elastic tissues, promoting scar formation, and perhaps 
causing small local areas to rest due to differential elasticity of normal and 


diseased areas. On the other hand, in the absence of a fixed mediastinum, 
phrenic nerve interruption does not provide any degree of general rest for 
the lung because of the ventilatory effects of the mediastinal shift under these 
circumstances. The element of pulmonary rest as defined previously is, there¬ 
fore, not likely to be an important factor in whatever therapeutic benefit the 
patient obtains from phrenicectouiy. 


CONCLUSIONS 

1. Seven patients were respired bj^ means of externally applied electio 
phrenic respiration capable of maintaining adequate arterial oxj^gen satuiation. 
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riglit jineumotliorax was attempted inisuccc.'^sfully. A ri|;ht plircnic crush was done in 1937, 
which controlled the disease until 19-12, when pnctimoperitoneum was instituted for reactiva¬ 
tion of disease. Cctween 1942 and 1947, wlien she was admittecl to this hospital, repeated 
hemoptyses were noted and the lesion on the liRht had proh'ressod to frank cavitation. The 
paeuniothorax on the loft was still piesent. Pulnionury function studies at that time revealed 
an M.B.C. of only 30.7 liters per minute and a H.R. of 23.5 liters per niinuto. All other 
studies (Table I) were likewise markedly reduced. It was felt tliat this patient’s function 
conhl not support surgery at this time. 

A pTogram of graded activity was devised for this patient in an. attempt to increase her 
ventilatory capacity. This consisted of breathing and walking exercises. Under this program 
the left lung rc-expanded and when retested six niontlis after admission the M.B.C. had risen 
to ?.0 liters per minute with an increase in B.U. to 29.-4 liters per minute. BroncUospirometry 
showed tlie right lung to he carrying on 7C per cent of total oxygen consumption and 78 
per cent of total ventilation. Further exercise enabled this patient to increase the II.B.C. 
to 50.7 Viters per minute and B.B. to 49 liters per minute. Bronehospirometry showed the 
right lung to be carrying on 87 per cent of total oxygen consumption and 85 per cent of 
total ventilation respectively. At this time it was agreed to collapse the right apex by 
extrapleural Lucite plondiage. 

In dune, 1947, the extrapleural pneumonoly.sis was performed. Postoperative course 
and convalescence were uneventful. Four months following surgery the patient was retested 
and showed an M.B.C. of 50 liters per minute, a loss of only 0 liters from the preoperative 
ligure. B.R. was 44.2 liters, a loss of 4.86 liters per minute. Bronehospirometry showed the 
right lung to have 87 per cent of total ventilation and 75 per cent of total oxygen consumption. 

Comment .—In this patient the jiroblem was one of enabling lier to reach a 
satisfactory total pulmonary function level befoi*e surgery could be attempted. 
Bronehospirometry tlien revealed that most of the function was in the right 
lung which was the lung to be collapsed. The extrapleural procedure was chosen 
because it was felt that the collapse could be confined to the involved portion 
of the lung and that encroachment on healthy respiring tissue could be reduced 
to a minimum. These views seem to be substantiated by postoperative study in 
which the total loss in the Hl.B.C. was 6 litci's per minute. 

B. M., a 37-ycar-old white woman, had tuberculosis dating from 1931. In 1933, bilateral 
upper lobe cavitation was pre.sent and the patient spent one year on bed rest. In 1934 
attempted bilateral pneumothorax was unsuccessful. A left phrenic crush was done at this 
time. In 1935, right phrenic erusli was performed. The patient’s status had improved, 
sputum was negative, but the patient was still on bed rest. By 1940, the sputum was positive 
again, and the right phrenic was recnished. The sputum remained po.sitive following this 
latter procedure and continued consistently positive until 1948, when an extrapleural pneumo¬ 
nolysis witli Lucife plombagc was perfonned on the left. 

Studies before surgery revealed .a borderline function, with an M.B.C. of 40 liters per 
minute. Performance during exerci.se revealed mild dy.spnea on the step test but recovery 
was rapid. Bronehospirometric evaluation .showe<l the right lung to be carrying 77 per cent 
and 76 per cent of the total oxygen consumption and ventilation, respectively. Function 
testing was repeated tlireo months after surgery, showing no decrease in total function in 
that the M.B.C. and performance on the step test was the same as in the preoperative period. 
Bronehospirometry now showed the right side to he carrying 73 per cent and 70 per cent of 
the total oxygen censumption and ventilation. 

Comment .—Tliis patient lias the characteristic bilateral fibroid typo of 
tuberculosis. Jlultiiile phrenic operations plus obliteration of the pleural space 
had reduced tiie pulmonary function to the point, wliero veiy little reserve was 



PULMONAE.Y FUNCTION STUDIES BEFORE AND AFTER 
EXTRAPLEURAL PNEUMONOLYSIS WITH PLOMBAGE 

Sidney H. Dressler, M.D.,* Gerald J. Bronfin, M.D.,t and 
John B. Grow, M.D4 
Denver, Colo. 

P RESERVATION ol the maximal amount ot" pulmonary function compatible 
with adequate control of disease has always been the goal of collapse ther¬ 
apy in pulmonaiy tuberculosis. Develoiiment of newer methods in the evalua¬ 
tion of pulmonary function has made it po.ssible to choose procedures for pa¬ 
tients with markedly impaired function which will contribute no noteworthy 
reduction of function yet will adequately control the disease process. 

For the past two years extrapleural pneumonolysis with Lucite (methyl 
methacrylate) plombage has been performed at this institution. A major in¬ 
dication for the use of this procedure has been in patients with such severely 
reduced pulmonary function that thoracoplasty, which would ordinarily be the 
method of choice, could not be done with reasonable assurance of postoperative 
survival. In others the extrapleural procedure was chosen because of the ex])ec- 
tation of bilateral collapse therapy where the necessity for preservation of func¬ 
tion is obvious. 

This paper presents the results of function studies on nine patients before 
and after insertion of Lucite spheres in the extrapleui'al .space. The methods of 
function testing have been adequately desci’ibed elsewhere and need no elabora¬ 
tion here other than a brief statement of the various procedures used. These 
included: maximum breathing capacity (M.B.C.), breathing reserve (B.R.) 
from rest to voluntary maximum ventilatory effort, lung subdivisions, and oxy¬ 
gen consumption, plus ventilation in the recovery period after a standard exer¬ 
cise test. After completion of these studies from wliich an estimation of total 
pulmonary function was gained, divided function of the separate lungs was 
done using the broncho.spirometrie methods of Jacobaeus,’ Gebauer," and Zavod. 
It is from this latter procedure that tlie mo.st illuminating information could he 
secured after it had once been .shown that total function could sustain a surgical 
intervention. 

CASE PRESENTATIONS 

A. W., a 4o-year-old white woman, had the onset of pulmonary tuberculosis in ino-', 
with a, minimal lesion in the left apex. A left pneumothorax was initiated in 1933, am 
maintained for fourteen years. In 1935, a lesion was noted in the right apex for u nc i 
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Joft. It wjis felt that an extensive surgical proectliu’e involvinj^ collapse of re¬ 
spiring tissue -would have in all probability relegated tliis individual to the 
ranks of the bedfast. The extrai)lcni“il plombage was performed as a oaloulatcd 
risk and it appeared not to have affected the patient’s function to any appre¬ 
ciable extent. 

C. ]!., u 20-yo;ir*oUl white woiimn had the on><et of tutternilosis sonic fifteen yejir.« before 
ailmijssion to tliis institution. At difTcrent times slic had ha<I bilntcriil upper lobe cavitation 
for which she lind receivi'd nrtifndul pneumothorax and phrenic crush, both on the loft. 
Artificial pneumothorax lind been initintrsl some four years before admission to this hospital. 
On examination licro the jiationt revealed an active process in the right upper lobe with cavita¬ 
tion and a paralyzed right homidiaphragm. A therapeutic pneumothorax was present on the 
loft. Sputum was highly positive. T!ic jmeumothorax on tlie left was re-expanded and pul¬ 
monary function testing was done. Total function was seriously diminished, the M.B.O. 
being liters per minute, and vital capacity 1,150 c.c. The standard exercise test was per¬ 
formed with inarhod dyspnea and prolonged recovery. A program of breathing exercises and 
walking activity was started with the hope of increasing function. In six months tlio Jt.B.C. 
had risen to oS.C liters per minute with definite improvement in the performance of exercise. 
Bronchospiromotry showed the left lung to lie carrying 89 per cent of the total oxygen con- 
Fuiujition and 71 per cent of the ventilatory function. An extrapleural pneutnoaolysis with 
Lucite plomlmge was performed on the right. Betesting six months after surgery rovctiled 
some <lpcreasc in total jmlmonarj* function with an M.B.C. of ."2.0 liters per ininuto although 
there was no clinical evidence of increased dy.spnea. Bronchospiromotry showed the loft 
lung to he carrying 95 per cent of total oxygen consumption and th'J per cent of total ventila¬ 
tion. 

Coinmcnt. —Tliis girl had an even more .seriously diminisliod function tban 
the previous case. Because of Iter youth and ti\c weak prospects for vccovory 
without surgical intervention, the plombnge was performed. As demonstrated 
by the function testing, a dccretise in total function did occur, hut not of suf¬ 
ficient magnitude to incapacitate markedly this patient. 

L. H., had initial tuboreuhwiH, consisting of bilateral ujiicnl involvement with cavitation 
on the left, which was discovered some ten years prior to mlmi.'^.sion to this ho.splfnl. A left 
pneumothorax and left iihroniccctomy failed to control (his lesion, llio right npox having be¬ 
come stabilized in the interim. X-rsiy examination at the time of admission showed fihrocaver- 
nous disease in the left upper lung with u rnl.scd, jmralyzcd diaphragm on the loft. N'ho right 
lung sliowed apical fibrosis with some basal cmphysenia ami upward retraction of the rigid 
hilar structures. Function studies showed an M.B.C. of -18.2 lifers per mlimfo with mild 
dysjinoa on the standard exercise test. Bronchospiromotry showed llio right lung to be carrying 
02 per cent of the total oxygen consumption and 70 per cent of the ventilation. Beft 
extrapleural pneumonolysis with Bucite plomhage was done. Ifelesdng some four months 
postoperatively revealed u reduction in M.B.C. to -tO.-l liters per minute, a loss of BK liters 
with no change in the perfornmiit'e of exercise. Ihoiichosplrornulry sliowed the right lung 
to be carrying ()(} jicr cent of total oxygen eonstimptlon and 72 jier cent of total vi'idlhdion, 

Commeni. —Tliis ciisc dcmonstratc.s a iniiiimal los.s in funclion following lln; 
surgical colla]).se procedure, Tiiis ncgligilde dcercase may l)e intoi'prctcd ns being 
due to collapse only of noiirun(5tioniiig parencbyina or, ns demonstrated by 
Bjorkmau^ uud others, may iJOHsibly be ii eompeusulory incrcime iu the function 
of the eontralatcrtil lung. 

TIic other five caHCS in this ‘(ericH, wliieli will not Im dcscrihed in detail, are 
of the .same order, in that Joss in total i'luielion was hold to a minimum. In one 
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2. Results would indicate that only mininml decrease in function may bo 
oxi)ected followin'' this type of surgery. 

3. Extrai)lcural pncinnonolysis may lie the procedure of choice in those 
selected eases where conservation of existing pulmonary function becomes a 
necessity. 
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case there was a significant rise in the M.B.C. after Lucite plomhage tliougli 
bronehospironietry showed a decrease in oxygen consumption and ventilation of 
the collapsed side (Case 5). This is again interpreted-* as indicating the inher¬ 
ent reserve of the uncoil apsed side wliieh responds Avith greatly increased func¬ 
tion Avhen greater demands are placed on it by collapse of the contralateral lung. 

Although the statistical validity of such a small series is naturally subject 
to cjue.stion, Ave. have nonethele.ss determined the percentage decrease Avhich Avas 
found folloAving surgery in three of the tests (M.B.C., V.C., and oxygen con¬ 
sumption) used to evaluate pulmonary function. 

In the total of nine cases studied, the hl.B.C. Avas decreased by an average 
of 5.9 per cent (3.02 liters per minute) in seven eases, AAdiile tAvo revealed an 
increase of 2 per cent (1 liter per minute) and 14 per cent. (13.7 liters per min¬ 
ute) respectively OA’er the ])reopei‘ative figures. Broncliospirometrie determina¬ 
tion of oxygen consumption on the operated side revealed four cases AA’ith an 
average decrease of 8.7 per cent, AA’hile four shoAved an increase of 5.6 per cent. 
Vital capacity Avas decreased in eight ca.ses by an average of 12 per cent with one 
case shoAving a postoperative increase of 3 ])er cent. 


DISCUSSION 

A recent survey of the literature reveals the presence of only one article 
dcAmted to a study of the comparatiA'e pulmonary function before and after 
surgical extrapleural pneumonolysis. In 1948, Vaccarezza and associates” re¬ 
ported the results of a functional study of this type carried out on a series of 
ten patients Avith pulmonary tuberculo.sis. His results shoAved an average de¬ 
crease in the vital capacity of the collapsed lung of 28 per cent and a 24.3 per 
cent decrease in the oxygen consumption. As previously noted, the absolute 
lo.ss of function in our series of cases A\'as of minimal degree. The discrepancy 
betAveen the figures obtained by Vaccarezza and ourselves can readily be ex¬ 
plained if the roentgen reproductions and the clinical data AA'hich is supplied 
in the body of his article are examined. It at once becomes apparent that the 
extrapleural .stripping and resultant pneumothorax space produced by the 
South American group Avas greater than in any of the eases in our series, so 
that one Avould logically expect the greater collapse to produce a more marked 
deci’ease in function. In addition, the extrapleural space in Vaccarezza s series 
Avas maintained Avith air under atmospheric or positive pressures Avhieh would 
in itself further reduce the expansion of the lung in inspiration. Thus, the tA\o 
series are not comparable in that our specific aim was to produce a surgical col¬ 
lapse of only sufficient degree to control the disease process Avhile at the same 
time sparing the existing pulmonary function in those selected patients Avho rc- 
A’ealed markedly reduced total function prior to surgery. 


SUMMARY 

1. Nine patients Avith pulmonary tuberculosis are presented upon Avhom 
pulmonary function Avas studied before and after surgical extrapleural pneu 
monolysis Avith Lucite plombagc. 
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In its suiicrior ami lateral portions it failed out but appearc(i to bo more dense medially and 
jnfcriorly. Tlu* two lateral projectiojm indicated a considerable tiimefaelion within the chest 
nail extendinjr posteriorly from just behind the costocaitihiKes. A possible chondroma or 
primary neoplasm of the chest wall was diagnosed radiologically. 

One month later, in May, the patient was admitted to tlic liospital for the purpose of 
biopsy to deterinino the exact nature of tlie growth. On admission, her complaints wore 
the lump as ilcscribeil, constipation, and undue fatigue for the previous two months. She also 
gave a liistory of amenorrhea for the previous two months. She had no particular complaints 
referable to the respiratoiy system. General phy.sical examination was negative except for 
the mass which clinieallv was situated in the anterior chest wall just below the medial end 
of the left clavicle and lateral to the sternal boulor overlying the first and second ribs. It 
measured approximately "5 by 3 by 1 cm. The mass was firm and solidly fixed to the chest 
wall but the skin was freely niovcablo over it. It ivas slightly sensitive to palpation. Clinical 
examination of the lungs was entirely negative. In mUUtion, her breasts were slightly enlarged, 
engorged, and more tender than usual and pelvic cxainination disclosed an enlarged gravid 
uterus. The urine examination was negative, the ICnlin and Wassennann blood serology' tests 
were negative, and tlic hemoglobin was 74 per cent. In order to further clarify the intra- 
thoracic portion of the tumor a pncumothoriix of 600 c.c. of air was induced and roentgen- 
ray study of the chest showed that the mass was firmly related to the chest wall anteriorly, 
but in the lateral view no pneumothorax line was visible, which suggested that the lung might 
ho adherent to the mass in this area. The association of lung tumor and pregnancy con¬ 
comitantly necessitated that the possibility of a choriocpithelioma with lung metastasis be 
ruled out. This was excluded to our satisfaction by assay of the urinary gonadotropins which 
were reported within a normal range. A punch needle biopsy of the tumor on pathologic 
section failed to .show any tumor cells. A direct biopsy was tlicn carried out. At that time 
the tumor mass was found to be well encapsulated and a small wedge of tissue submitted for 
]>athologie study showed a fibroma which was not histologically malignant, but the pathologist 
warned that such a lesion is often progressive, loc-ally inv.asive, and may readily become more 
active. 

The nature of the tumor was explained to the patient and surgical excision was advised. 
However, she was extremely anxious to carry her pregnancy through to n successful termina¬ 
tion, so much .so that she insisted and a compromise was reached whereby the progress of 
the tumor was followed by montldy examinations until her pregnancy was completed, at the 
end of winch time she was to be readmitted for surgical extirpation. On Dec. 22, 1948, 
she was delivered of a normal, healthy, female child with no pre- or postnatal complications 
(Figs. 1 and 2). 

She was readmitted to the surgical service on Jan. 29, 1949. During the last two months 
of her pregnancy the mass had increased in size very markedly. On this admission she com¬ 
plained of a dull pain in. the left upj>er chest posteriorly and in tho left axilla, a nonproduc¬ 
tive ticklish cough for the past three weeks, and some shortness of breath on exertion. TIio 
jnost striking finding on physical examination was the mass itself which had increased greatly 
in size and on this admission now measured 10 cm. in the vertical diameter and S by S cm. 
in width and depth. The urine examination was negative and the hemoglobin was 82 per cent, 
"Roentgen oxanunation of the chest reported a marked progression since the last examination 
demonstrating a large soft-tissue tumor mass now occupying tho space of the left upper 
lung lohe and obliterating the latter and now also probably involving tho loft lung root as 
well as extending through the thoracic wall. The ma.ss coinplotely masked the upper medi¬ 
astinum extending from the apex to ti'C level of the fourth rib anteriorly (Fig. 8). 

On Feb. 4, 1949, under general intratniclieal nitrous o.xide and other ane.-jthe.sia, excision 
of the tumor Nvas successfully carried out. A transverse iuoisiou was made directly over the 
tumor mass extendin'^ from the left lateral border of the sternum overl'ing the second rib 
to tho midaxillary line. The skin flaps were fretnl upward nnd downward for retraction. 
The pectoralis muscle groups were ^stretched lightly over the mass and these were divided 
in the direction of tlieir filmrs and retracted. The tumor mass then presented directly. 
It appeared to be well encapsulated and was of soft consistency, with some are.as of firmness. 



BENIC4N FIBROMA OP CPIEST AVALL 
Report of a Case 

S. G. Baxter, M.D., and D. D. AIunko, M.D. 
jMontreal, Quebec 

T he occiUTence of primary intrathoracie neoplasms seems to l)e on the in¬ 
crease, moi’e apparent than real, as indeed are most neoplastic growths, and 
for essentially the same reason. This is mainly due to the employment of mod¬ 
ern diagnostic methods, which fact is particularly applicable in tlie case of chest 
tumors because of the inerea.sing Avidespread practice of mass roentgen-ray 
examination of the chest and the “awareness” of the pi-esent-day practitioner 
of these relatively .silent but dangerous growths. 

The most important and most frequent intrathoracie tumors are of pul¬ 
monary or bronchiogenic origin and the copious literature on this type is testi¬ 
mony of the fact. Second in frequency are mediastinal tumoi’s and least fre¬ 
quent, or comparatively rare, are the neo])la.sms arising from the wall of the 
thorax and extending into the thoracic cavity. 

Aletastatic neoplasms of the l)ony thorax are, of course, frequent, hut pri¬ 
mary tumors arising from the connective tissue of the clicst wall are rare. In- 
trathora'.'ic fibroma is reported as an extremely rare tumor and up to Octol)er, 
1941, Blades^ found only 32 cases of mediastinal fibroma in the world literature. 
PIari)er,^ in 1939, Avas able to find only 9 recorded instances of intratlioracic 
fibroma arising from the chest Avail. 

Intratlioracic fibromas may arise from the structures of the mediastinum or 
from any tissue of the thoracic A\'all or vertebrae. In many instances it is dif¬ 
ficult to determine Avhether an intratlioracic tumor arises from the mediastinum 
or the chest Avail, particularly Avhen the groAvth is large and is adherent to both 
these structures. 

'SVg Avish to report the successful surgical removal of a rather unusual benign 
tumor of the chest Avail in that it Avas both intrathoracie and extrathoraeic in 
location, its origin Avas undoubtedly from the chest Avail, and it exhibited a pio- 
pensity for A-ery rapid groAvth during the period of gestation. 

REPORT OF A CASE 

A 27-yeai'-olcl housewife lir.st presented herself at the out-patient clinic in Apiil, IptS, 
complaining of a slightly tender swelling beneath the left clavicle which Avas first noticec 
about trvo months previously. Since that time it had increased slightly in size and 
very little discomfort. Pliysical examination rvas completely negatir-e except for a s igi 
swelling beneath tlie medial portion of the left clavicle which was firm, seemingly fixe o 
the chest aa-bII, and slightly tender to touch. Roentgen examination of the chest shone an 
unusual soft tissue shadow present along the left parasternal border anterioily in the s ^ 
tion of the first and second rib costocartilages on the left side. Tlie mass had a c 
border and appeared to bo within the thoracic inlet. The right lung field rvas clear, 
graphic studies at the same time reported a mass unquestionably separate fiom ^ J 
astinum. Its position Avas immediately posterior to the first and second rib costocar 
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The pivtieiit’s wife, of Ivish and German parentage, and eleven children 
had always been in good health. One child died at 17 j-ears of age of a rup¬ 
tured appendix. The family had routine x-ray examitiations of the chest he- 
eausc of possible tuberculous contaet. The numerous cervical ribs were ob- 


Fis. 1. 









FAMILIAL INCIDENCE OF CERVICAL RIBS 


Robert K. Purves, M.D., and Paul H. Wedin, M.D. 

"Wichita, Kan. 

A lthough the occurrence of cervical ril) (or ribs) is relatively common, 
about 1/4 per cent according to some studies, in that portion of the litera¬ 
ture on cervieal ribs 'wbicb we have bad an opportunity to examine the 
familial tendency is rare. Thompson,’ in 1908, reported a family of five 
generations in which seven out of sixty-four members were affected with 
atrophy of the hand muscles. It was his opinion that this was due to cervieal 
ribs. He had only two members of the family examined roentgeno- 
graphieallj’' and they both .showed cervical ribs, so it is not entirely conclusive. 
"Weber- presented a ease of cervical ribs with atrophy of the hand muscles in 
which a brother and sister had as 3 ''mptomatie, bilateral cervical ribs. Other 
authors^’ ’ have discussed the embiyologj’’ and comparative anatomj’- and have 
given theories to account for the formation of cerviqal ribs. These features 
will not be discussed here. 

HISTORY 

H. "W., a white man of German extraction, aged 46 j^ears, was first seen in 
the Sedgwick County Hospital and Clinic in April, 1947, complaining of cough, 
weight loss, hemopt.ysis, and general malai.se. Tuberculosis was suspected and a 
che.st film ordered. This showed a minimal fibrotic process, probabty tubereu-- 
lous, involving Ijoth apices. An incidental finding was a cervical rib on the 
right. His father Avas aliAm but refused to be examined. 


Table I 


relation 

AGE 

(YK.) 

PATE OF 

ROE.VTGENO- 

GRAM 

SIDE OF 

RIB 

OTHER anojialies 

Father 

46 

April, 1947 

Right 

.Sacralization of fifth lumbar vertehia 
Ununited transverse process first lumbar 

Mother 

42 

Sept., 1947 

Left 

.Son 

i 

1 

Sept., 1947 

Bilateral 

vertebra, left 

Transitional fifth lumbar vertebra 

Daughter 

4 

Sept.' 1947 

Bilateral 

Posterior neural arch defect in traiisi 
tional fifth lumbar vertebra 

Daughter 

7 

Sept., 1947 

Bilateral 

Sacralization of fifth lumbar an 

Son 

8 ■ 

Sept., 1947 

Bilateral 

neural arch defect 

Sacralization of fifth lumbar vertebra 
Transitional fifth lumbar vertebra and 

Daughter 

12 

Sept., 1947 

Bilateral 

.Son 

16 

March, 1948 

None 

neural arch defect 

Spinal bifida occulta 

Daughter 

20 

Feb., 1949 

None 

None 

Daughter 

21 

April, 1949 

None 

None 

Daughter 

22 

Feb., 1949 

None 

None 

Daughter 

25 

Feb., 1949 

None 

None 

Daugliter 

Grandclaugliter 

27 

4 

None 

Feb., 1949 

None 

None --— 


Received for publication Oct. 5, 1949. 

From the Chest Clinic of the Sed^vick County Hospital and Clinic. 
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It is interesting to note tliat the father lias a right nnihateral rib and the 
mother a left unilateral rib and all of the children with cervical rilis have them 
bilaterally. In tbc young children we looked spccifieallj' for the rudimentary 
ribs because they may have easily eseaped detection. If, as is thought, growth 


fib. 3. 



Fig. 5.—N. W. (daugiiter), aged 7 years. 

Fig. 6,—E. W. (son), aged 8 years. 

occurs from an epiphysis at the apex of the rib, then these rudimentary ribs 
in the children will probably continue to enlarge and elongate. 

Even though the father and all adult members of the family make their 
living by housework or unskilled labor, none of them have had any symjitoms 
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The i^ossibility of rudimentary first ribs as ruled out by having x-ray 
films of the entire spine. In this manner twelve ribs could be counted on one 
side and thirteen on the other in the mother and father. The children who 
were affected had thirteen bilaterally. As Table I shows, each memlier of the 


fib. 3. 



Fig. 4. 

Fig. 3.—^V. E. W, (son), aged 1 year. 

Fig. 4.—K. W. (daughter), aged 4 years. 


family having cervical rib also has some other anomaly of the spine. Thei 
are no gross anomalies outside the vei'tebral column. Adson anc ,« ^ 
have mentioned other anomalies as a frequent occurrence in eases of 
rib. There is no scoliosis in any of these cases even though this is iepc)i « 
Hadley as frequently associated with cervical ribs, particularly if ^ 
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Kormid Development of the liesi>iratonj Trcc.^^ —The earliest evidence o{ 
the future respiratory ti'ce, tlic lung Inul, is lunuifcst when the foi'egut 
measures about 15 mm. The laryngotracheal groove appears in the. floor of the 
foregut just eaxidal to the ])haryngcal ])ouehcs. The more caudal end of this 
anlage gives rise to the lung Irad, which begins to bifurcate at about the 4 
mm. stage, thus forming the primai-y bronchi. Bj' further budding the plan 
of the final pulmonary lobes is already’ evident at the 7 mm. stage. By the 10 
mm. and 14 mm. stages, secondary’ branching.s of the bronchi are defined. 

Seejucstration of Puhnonanj Tissue. —^'I'hc size of the sequestered mass will 
depend on the embryologie stage at which sequestration occurred. For in¬ 
stance, sequestration at the 4 mm. stage is likely to produce agenesia of a lung, 
hut sequestration at the 14 mm. .stage will probably’ affect only a lobe or por¬ 
tion of a lobe. 

In an attempt to give a reasonable ex])lanntion for bronchopulmonary se¬ 
questration, Pryec examined the theories regarding the origin of lower ac- 
ee.ssory' lungs. He termed the latter condition “cxtralobar seque.stration,” 
and the former “intralobar sequestration.” In both conditions a branch from 
the aorta supplied the sequestered tissue. In the accessory theory’ lo^ver ac¬ 
cessory’ lungs are regarded ns dcvelo))mcnts which result from the potentiality’ 
of some parts of the foregut to give rise to respiratory tis.sue. The blood sup- 
jily from the aorta would be a seeondary result of their development. Ae- 
cordiug to the fraction theory, sequestration takes i)lnee thi'ough such meoh- 
nnisms as (1) amputation by’ the developing aortic arch, (2) closure of the 
pleuroperitoneal iter, (.3) deepening of i)leural fissures, or (4) by embryonic 
adhe.sions. The sequestered ti.ssuc, it is said, wottld then acquire a blood sup¬ 
ply in its new situation. This view conforms to the ideas of Beneke** who 
stated that a displaced organ easily’ acquires a blood sn])ply from the region 
in which it lies in the embiyouic body'. 

However, neither of these theories can be accepted, because in both the 
blood supply from the aorta is regarded as a factor which is secondary to the 
existence of the sequestered pulmonary tissue. But, in true fact, an anomalous 
artery’ from the aorta sometimes .supplies blood to normally’ connected pul¬ 
monary' tissue, in which ease it cannot possibly be regarded as a secondary 
event.'"’ This is the basis for Bryce’s view that the anomalous artery, while de¬ 
veloping, may produce sequestration of a portion of pulmonary tissue. 

Rosenthal’s case suggests that such an anomalous artery may’ cause se¬ 
questration of a portion of the lower lobe, and then itself become separated 
from the aorta. This case seems to .supply’ the “mis.sing link” between those 
cases of sequestration obviously’ associated with an anomalous vessel and those 
cases of development or congenital cysts of the lung in which an anomalous 
vessel is not evident (Fig. 9). 

PATIIOLOOIC aspect.? of intralobar SEQUESTRA’nON 

Serjuestcred Pulmonary Tissue. —^The classifioation suggested by’ Piyeo as 
to the gross types of tissue encountered in intralobar sequestration, is as fol¬ 
lows: (1) a large cyst in the sequestered area, (2) a poly’eystic mass, and (3) 
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the persisting vessels can take practically any course and have any connec¬ 
tions that could he traced in the oi-iginal netwoi-k. But in actuality the final 
pattern is usually rather uniform. What actually deteianines the diffei-entia- 
tion of some channels into veins and .some into artei-ies is unknown. 



■B t. pvtlraonary a. 
— Auricle 


Sinxxs 

venosus 


Connections 

with 

dorsal aorta 


L-ang 


Splanchnic 

plexus 

n,m, stage of the_foregut 'vlJch shows the 


Fig. 1.—Approximately the -i mm. siage ui iv. rileviis 

veloping pulmonary artery and also a few of the connections of .tj>e R ‘ gonnec- 

the dorsal aorta: these latter usually atrophy. When they pei-sist and mainta .ipj^jpage 
tion with the pulmonary anlage, an anomalous arterj’ results. Pulmonaij \e 
has been omitted deliberately. 

The plexus which concerns this discussion (Fig. 1) is the capillap" plexus 
which embraces the primitive gut, and particularly that part of it in the le¬ 
gion of the foregut where the pulmonary anlage develops.-'-” This plexus 
as a whole is the so-called s])lanchnic plexus of capillaries. It has connec 
tions with the dorsal aorta. When the lung hud appears on the vential sui 
face of the foregut, it carries part of the splanchnic plexus with it. ns is 
the part of the splanchnic plexus Avhich Huntington”'’ has called the pp 
branchial pulmonary plexus.” Normally the ■ primitive pulmonaiy 
which develop as angioblastie buds from the region of the aortic sac, ^ 
inosculate Avith the plexus on the lung bud. The connections AAuth tie coiSt 

aorta then atrophy. ,g 

The Anomalous Artery. —^Fig. 1 indicates that if one connec ion oi 
betAveen the dorsal aorta and the postbranchial pulmonar}^ plexus pei 
one or more anomalous arteries to the lung Avill result. 
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Vuimdcr of Arlcrxj .—Tlic (Ikiiietci- of the vessels varied from 2 mm. to 
1 cm., and they averaged about .'i min. 

Degenerative Changes in the Artery .—In 5 ea.ses from tlie literature de¬ 
generative cliange.s sueli as athoroma or medial ealeifieation were mentioned. 
TIic.se elianges may lie related to the age of the patient and to sepsis.* The ob¬ 
servation Iiy JfeDoiiald and ofhci's^' that noiifunction fends toward endarferial 
changes in vessels supplying a nonfunctioning area would seem to be ap¬ 
plicable in cases of broucbopulinonary sequestration when endarteritis is 
found. 

Distribution of Anomalous Artery .—Although an anomalous artery may 
supply a normal lower lobe, reports indicate that it usually is associated with 
sequestration of pulmonary tissue. 

IXCIDEXCE or ANOMALOUS AllTERlES 

Anomalous arteries unassociated with any other vascular anomaly have 
been reported at necropsy in 8 cases and at the time of operation in 26 cases. 
Knowledge of 9 other eases’' and the addition of 4 new cases in this report 
makes a total of 47 eases. We are aware of a few additional eases in which 
other anomalies were associated, but we will not discuss the.se in this paper.”’*' 


Table I. Aon or Patie.nts at Onset or Symptoms and at Orr.rLiTioN as Reported in the 

Iatep-atcre 


AOE 

(vn.) 

1 NUaiBEP. or CASES 

AT ONSET or SYMPTOMS 

AT OPERATION 

0 to 9 

6 

3 

10 to 19 ' 

7 

7 

20 to 29 

1 

5 

30 to 39 j 

0 

2 

40 to 49 1 

0 

2 

50 to 59 

1 

1 

Total* 

15 

20 


•The discrepancy in totals Is due to the fad that In 5 cases the age at onset of symp¬ 
toms was not mentioned. 


At one institution the incidence of anomalous arteries to the lung is reck¬ 
oned at almost 2 per cent of all pulmonary excisions.” In the reported eases 
in which details were given, 15 patients were men and 11 were women, and the 
sex of S is not known. In the surgical cases it often was possible to discover 
the age at which symptoms first occurred as well as the age at which operation 
was performed. Table I indicates the distribution in various decades. It is 
obvious in this small series of cases that the onset of symptoms usually oc¬ 
curred within the first two decades of life. In the 15 eases in ivhieh the age 
of onset w'as known, the average delay before operation was four years. The 
shortest period was six months and the longest delay was twenty-one years. 

CLINICAL ASPECTS 

Symptoms .—The eommoncst symptoms referred to are productive cough, 
which becomes aggravated at intermittent periods, fever, pain, and chills, 
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a sequestered mass which coiitahis bronchi that branch parallel to the artery. 
Furthermore, in any of these gross types the bronchial or cystic elements 
may be completely dissociated from the normal bronchial tree or in some 
communication with the bronchial tree, usually the result of infection or sup¬ 
puration. 


Infection of the Sequestered Lung .—Various authors'’ ° have drawn atten¬ 
tion to the fact that the ai’ea of lung supiilied liy an accessory artery coining 
off the aorta, is supposedly nonfunctioning. Clagett and McDonald® specu¬ 
lated as to whether or not such a nonfunetioning area would be more likely 
to become infected than pulmonaiy ti.ssue which is in physiologic balance. 
The present views as to the pathology of the sequestered cystic area would not 
seem to substantiate their speculation as to the cause of infection. In addition, 
experimental work of Levy and Blalock®-'’ opposed such a mechanism. They 
transplanted the proximal cut end of the left subclavian artery of mature 
dogs into the distal cut end of the left pulmonary artery. Although the quan¬ 
tity of oxygen consumed bj’ the lung was found to be small under resting con¬ 
ditions, the lung did remain functional as was proved by increased uptake 
of oxygen during anoxemia. Eespirator.v movements on the involved side 
remained normal. After several months neither the involved pulmonary ai’- 
teiy nor the affected lungs showed any noteworthy microscopic alterations. 
The pressures only a short distance beyond the anastomoses were only one- 
half those in the systemic arteries. 

It would seem that sequestered pulmonary tissue could become infected 
in various ways: 1. In eases in which there is some communication with the 
normal bronchial tree, infection could occur A’ia such a communication. 2. In 
cases of complete sequestration, infection might take place by one of two ob¬ 
vious ways. It might result from direct spread by way of the tissues from an 
infected, normally connected lung or from hematogenic spread. Pryce and 
associates® presented an excellent example of the latter in which pulmonary 
symptoms soon followed osteomjmlitis of the femur. 

Our report deals primarilj’^ with cases of sequestration in which the 
anomalous artery was the only vascular anomaly in evidence. 

Side Involved .—In 18 of the cases reported in the literature the anomalous 
arteries were on the left and in 10 on the right. One ease was that of bilateral 
arteries; in 5 cases the side was not Iviio-nm. 


Type of Artery .—A glance at the titles of articles on the subject will show 
that most authors write about the anomalous arteries as pidmonary arteries. 
This cannot possibly have a functional meaning, as pulmonar}^ arteries carry 
venous blood to the lungs. Calling them “pulmonary” arteries can only in¬ 
dicate that they are arteries going to the lungs. Natucci,'® in his interesting case 
of bilateral anomalous arteries in ivliich there was an associated patent ductus 
arteriosus but in which the lungs -were normal, described them as bronchial ai 
teries. Pryce found the anomalous arteries to be histologically more like pu - 
monaiy arteries in that they were elastic rather than like systemic aiteiies 
Avhich ai’e muscular. 
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lungs. It is well to l)ear in mind Hint the pre.sonce of a sequestered, usually 
cystic, area does not in itself represent a manifestation of the disease. “It is 
suppuration that makes the disease. Case 3 is a good example of this, the 
presence of a cyst having been a fortuitous discovery. As in the surgical 
cases from the lifei'ature, the patients were mainly in the younger age groups 
and the left side was involved predominanti 3 ’. A numher of wrong diagnoses 
both clinical and roeiitgcnologie had been made before tbc correct diagnosis 
was derived. This was also reflected in the fact that 4 of the 5 patients had 
been hospitalized at some time before entering tbe clinic, and 2 of them had 
undergone unsucecssful operations. 

Table II. Data Concebning Five Patie.sts Having Anomalovs Pulmonary Arteries 


CASES 



: 1 ' 

2 

IHKBBI 

4 

5 

RKX 


F 1 

F 

F 

P 

Ago (yr.) 






At onset of symp¬ 
toms 

IG 


18 

5 



17 


21 

27 

34 


L 

L 

L 

K 

L 

Itclation of origin ' 
of artery to di¬ 
aphragm 

Above ' 

Above 

Above ' 

Helow 1 

Above 


1 cm. 

1 cm. 

5 mm. 

6 mm. 

7 mm. 

Symptoms 

Pain, cough, 
purulent 
sputum, fe¬ 
ver, chills 

Cough, 

purulent 

sputum, 

cliills 

Fever, chills, 
syncope, 
dyspnea on 
exertion 

Cough, puru¬ 
lent 

sputum, 

1 fever 

Pain, cough, 
purulent 
sputum, fe¬ 
ver, chills, 
dyspnea on 
o.xcrtion 




Large cyst 

Large cyst 

Polycystic 


•This patient had no symptoms until after accidental discovery of cyst during routine 
physical examination. 


Gross Pathologic and Histologic Fcalnres .—In our 5 cases the anomalous 
artery entered the lung in the region of the lower one-half of the pulmonary 
ligament, usually near the lower border of the lung and fairly far posteriorly. 
The distribution of the arteiy could be determined only sketehilj' in Cases 1, 
2, and 3 (Pigs. 2, 3, and 4). In Case 4 roentgenograms of the removed lobe 
after the injection of opaque oil apjiarently outlined its distribution accu¬ 
rately (Figs. 5 and 6). The anomalous artery seemed to have confined its 
course to the considerable portion of the lobe which was diseased, that is, 
sequestered. Unfortunatelj', the normal pulmonary arterj- was not injected 
with oil subsequently so as to determine whether or not it.s ramifications an¬ 
astomosed with those of the anomalous arteiy. Such was the situation in 
Natucci’s ease of bilateral anomalous arteiy, in which tmlmonaiy tissue was 
normal. In Case 4 subsequent cutting of the tissue into multiple slices made 
it possible to follow the gross distribution of the arteiy in the sequestered tis¬ 
sue, to which it seemed to remain confined (Fig. 7). In Case 5 opaque oil was 
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Diagnosis .—Diagnoses frequently made are pneumonia, empyema, and 
bronchiectasis. Eoentgenograms usually indicate cystic conditions or bronclii- 
ectasis. Bronchography was mentioned in 7 cases in the literature. Of these, 
2 patients showed bronchiectasis by this method of examination. It is of in¬ 
terest that the other 5 patients did not show evidence of connection between 
the pathologic area and the bronchial tree. 

Bronehoscopj" will often reveal a jnuTilent discharge into the bronchi of 
the lovmr lobes. If othei- findings suggestive of sequesti-ation are noted, the 
latter feature may be reckoned as additional evidence. 

Studies of Sjiutum. —Kirklin®" has pointed out that active tuberculosis is an 
associated condition in not more than 5 per cent of eases of congenital cysts 
of the lung. In none of the eases of sequestration of tlie lower lobe has such 
a finding been reported. 

In Anew of the fact that a small percentage of bronchiogcnic cj^sts become 
malignant, the iiossibility of finding malignant cells in the sputum of patients 
haAung seque-stration must be borne in mind. 

The conditions most commonly entering into the differential diagnosis 
are acquii-ed bronchiectasis, jnieumonia and bronchopneumonia, empyema, and 
diaphragmatic hernia. 

Treatment .—Antibiotic substances such as ])enicillin and sulfonamide 
di’ugs may temporarily improve the acute febidle conditions of the patient. 
An incorrect diagnosis of empyema may be the cause of repeated aspirations 
and diTiinage opei'ations, none of which Avill be effective in curing the patient. 
It is evident from the nature of the condition that only surgical extirpation 
of the diseased lobe can cure intralobar sequestration and its conqdications. 
Anomalous arteries are, however, an operath’e hazard. In 3 cases in the lit¬ 
erature,“ lobectomies which were a])parently going well A\'ere fatally 
complicated by hemorrhage fi'om the anomalous artery. Haight'’'. Avarned that 
in operating on cystic loAver lobes the surgeon should always be on the look¬ 
out for anomalous arteries. 


MATERIAL AND JIETHODS 

The pathologic material used in this study was obtained as a result of lobec¬ 
tomies on 5 patients at the Mayo Clinic during the years 1944 to 1949. All speci¬ 
mens Avere loAver lobes Avhich' shoAved the presence of intralobar sequestration 
associated Avith large anomalous arteries. As stated before, 1 ease has been 
reported previously in the literature.® The method of examination of tissue a\i 
be described Avith the observations on it. 


OBSERVATIONS AND COMMENTS 

The data concerning our cases are presented in tabular form (Table II). 

In these 5 cases observations on the main points of interest AAmie in 
ment Avith those in the surgical cases from the literature. The symptoms A^ ei 
typical, that is, productive cough, chills, fever, and pain. All of these 
toms Avere intermittent as is usually true of congenital cystic disease o 
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Fig. 5 (Case 4).—n and h. I.*i\rKe cystic area shown in rlcht lower lobe. Patient arrived at 
*llnic Imvliip undergone unsuccessful "ilrnlnnKe** operations on three previous ncrnsion« 


■ilrnlnnKe** operations on three previous occasions. 
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not injected into the vessels, but the injection of water into the normal pul¬ 
monary arteiy or the anomalous artery, rcAmaled the presence of substantial 
communication between the 2 vessels, probably in the pi-ecapillary region. 
Multiple slices proved that the branches of the anomalous artery ran in close 
relationship to the walls of the cystic spaces (Fig. 8). The finding of obvious 



Fig. 3 (Case 2).— a. Multiple cystic areas shown with ^ branches 

lower lobe, h, Removed left lower lobe in which multiple cysts are demonst 
of anomalous artery can be seen distributed in the walls of the cysts. 
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RTtery siipiilieil novmal inilinoiiary tissue. Tluisc areas o£ luiif; not supplied 
by the artery did not reveal the same elianges in the vessels. It may be 
reasoned, as Batts reasoned, that pressure rvas the cause of the degenerative 



FIs. 7 (Case 4).—ft. Anomalous vessel stained with van Gieson's s'.ain (x35). Elastic 
nature of artery easily seen. Note evidence of endarteritis. (/, Portion of sequestered lunff 
indicating lining of cyst, and unpigmented Ijinph node which wa.s situated subpleurally at 
entrance of anomalous artery Into lobe (hematoxylin and cosin, X35). 


changes in the vessel in this case. But it may be said with equal truth that 
the area supplied bj’ the artery, carrying arterial blood, was nonfunctional 
under average conditions of oxygen demand, and tliat this was tlie cause of 
the degenerative changes in the A'cssel. The work of Levy and Blalock dis¬ 
cussed earlier in the paper suggested that transplanting the suhelavian artery 
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cases this can proliably be regarded as good evidence that the area of lung 
drained l)y tliese nodes was not at all functional, that is, it was totally se¬ 
questered. In Case 2 microscopic study revealed a few small lymph nodes 
in relation to the larger arterial branehiiigs in the sequestered area. Only 
one of these contained a small amount of pigment. In the 2 ca.ses in which the 
intact lower lobes could be studied by the multiple-slice method, it was sur¬ 
prising to note the lai'ge jiroportion of the lobe wliich consisted of unaerated, 
unpigmented tissue. This eom])rised possibly 70 to 80 per cent of the lobe. 
Shrinkage due to formalin no doubt makes this figure somewhat higher than 
the true condition would be, owing to aerated normal parts shrinking more 
than the solid and unaerated parts. 


Normal Broncho'pulmonory SeQuestrolion 



Fig. 9.—Is it po.ssible that Rosenthal’s case indicates a link between bronchopulmonary’ 
sequestration and some cases of congenital cystic disease of the lungs? 

SUAUIARY iVND CONCLUSIONS 

The concept of intralohar bronchopulmonaiy sequestration and its rela¬ 
tionship to associated anomalous arteries from the aorta is a concept of cause 
and effect. The reasoning of Pryce that the anomalous artery is a primary 
factor and that in many cases in which it occurs it causes sequestration of a 
portion of the lower lobe is logical and is substantiated by the pathologic pic¬ 
ture. It is a more reasonable way of regarding tliis condition than the argu¬ 
ment wbicli puts sequestration first and the anomalous ve.ssels second. 

Intr.alobar sequestration of itself is not a new entity. Jlost congenital 
cysts of the lung, wherever situated in its sulistanee, may be regarded as c.v- 
amplcs of sequestration. In situations other than the lower lolios, anomalies 
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into the ]nilm6naiy artery did not result in any great rise of ]n-essure in the 
pulmonary circulation in dogs. It would, therefore, seem reasonal)le that non¬ 
function rather than pressure might have been the cause of endarteritis in 
Batts’ ease. Observations by McDonald, Harrington, and Clagett^“ tend to 
support this view. This is, of course, onlj'- conjecture. 



Fig. 8 (Case 5).— a, Left lateral bronchogram. Note posterior basal segment did not 
All with opaque oil. This is the sequestered cystic area, h, Slabs from specimen remoyea 
at lobectomy. Note sequestered area (white) which is unpigmented and unaerated. Also, 
large anomalous artery and associated unpigmented, subpleurally situated lymph node. 


Studies of pressure and analyses of gas by means of catheterization of 
the pulmonary arteries of patients suspected of haMng anomalous arteries 
to the lower lobes of lungs would be helpful in reconstructing the physiologic 
and hemodynamic picture in such lobes. Intravenous studies using radiopaque 
media with the aid of roentgenoscopy Avould be of further help. Moreover, 
after surgical removal of affected lobes, studies by means of injections of 
radiopaque plastic materials such as Vinylite mixed with iodoform would give 
accurate radiographic evidence of the structural status of the lobe, and 
sequent corrosion of the specimen would leave true casts of the prevailing 
anatomic conditions. These factors Avould then be better correlated ivith 
pathology, aiding in the interpretation of histologic material. Such studies 
have been made in other pulmonary conditions bj'’ Lindskog"*^ and his associ¬ 
ates and would supply the necessaiy background for the suggested studies 
on sequestration. 

In each of 3 cases herein described, a lymph node of fair size was found 
situated subpleurallj^ in the region where the anomalous arteiy entered t le 
lobe. In Case 1 eAudence of pigmentation in the node Avas slight. In ases 
4 and 5 the nodes did not sIioav any carbon pigmentation. In the lattei tAVO 
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